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THE CHEMOTHERAPY OF SYPHILIS* 
Joseph Earle Mooe^e 

Associate Professor of Medicine, Johns Hopkins University School of Medicine 


SS 25 E 5 ES 25 aSB 5 oME years ago I was so misguided as to have joined the 
K a long ranks of doctors who had vritten books on the 

S S S treatment of syphilis I was sufficiently bold, eleven years 
g S ago, as to entitle my own effort “The Modern Treat- 

CilSESlSESESESfl ment of Syphilis” (the itahcs are new and ironical) To- 
day my own book and the many which preceded it are of historical 
interest only, and when now the question is asked “How do you treat 
syphilis^”, my answer is “I don’t know, but in company with many 
others. I’m trymg to find out ” 

In an effort to clarify thinkmg, it has seemed profitable to review 
the chemotherapy of syphihs over a penod of 45 1 years from the first 
appearance of the disease in Europe in 1493 until the present day, to 
be entirely accurate unul eight o’clock on the evening of October 12, 
1944 Such mmute accuracy in point of nme is not only desirable but 
actually necessar)% since developments are now so rapid as to change 
the treatment of s)'’philis almost from hour to hour A review of this 
type IS of more than histoncal interest, since it involves consideration 
not only of vhat doctors have done and are now doing, but also of 

* From the United States Public Health Service and Johns Hopkins University Venereal Disease 
Research and Post Graduate Traming Center Presented before The New \ork Academy of Medicine, 
October J2, 1944 in the Seventeenth Graduate Fortnight, 

TTiis pap« will be published concurrently in the American Journal of Syphilis Gonorrhea and 
Venereal Diseases 
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why and how these things have been and are being done It is the “why 
and how” of the past and present that are important for the future 

Parenthetically, one might beheve from the medical hterature of 
the past few years that the very word “chemotherapy” dates from the 
mtroducDon, only yesterday, of the sulfonamides Actually, chemo- 
therapy may be said to have begun more than 450 years ago with the 
disease under consideration tomght, syphihs 

The chemotherapy of syphihs is divisible mto three time periods of 
very unequal length, the first lastmg 410 years, from 1493 to 1903, the 
second of 40 years, from 1903 to 1943, the last, in which the doors of 
knowledge have as yet opened only a tmy crack for 16 months, from 
June, 1943, to the present moment The amount of space devoted in 
this presentation to these three time periods must be in inverse propor- 
tion to the duration of each 

The first 410 years may be dismissed m a few words When syphilis 
was first recognized as a new disease by our medical colleagues of the 
15th century, its treatment, hke the treatment of almost aU other 
diseases, developed on a completely empirical basis The entire gamut 
of the Renaissance pharmacopeia was tried, smgly and m multiple com- 
bmations, ranging from blood lettmg to hen’s dung Of these, none was 
successful except mercury, which first came mto general use about 
1500 This poisonous metal did seem to be successful m healing the 
open lesions of the disease, though whether it was actually curative 
was the subject of a 400 year long medical debate, never finally settled 
until mercury had become obsolete Given its demonstrated healing 
powers, however, vanous methods of its administration were elaborated, 
and unhappy patients were mercurialized by mouth, through the lungs 
by inhalation, through the skm by muncoon, and later parenterally by 
intramuscular or mtravenous mjecoon Two facts became evident 
mthin a feiv years, that mercury m excess produced grave and even 
fatal toxic manifestaaons, and that to effect the apparent cure of syphilis 
in an important proportion of cases, it was essenaal to connnue the 
use of mercury over a very long period, measured in terms of years 

These two facts produced nvo opposmg schools of medical thought, 
important because of their bearmg on subsequent developments One 
group of physicians believed that mercury should be given in massive 
doses, to the pomt of producing senous toxic symptoms in the patient, 
from ivhich he was permitted to recover by a rest penod without treat- 
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nicnt One single course was demonstrably ineffective Therefore, many 
sucii courses should be given, and the intermittent treatment of syphilis 
w as born Another group, convinced of the undesirabihty of adding the 
dangers of mercurial poisoning to the discomforts and hazards of syphi- 
lis, preferred to use less strenuous forms of treatment, with the drug 
given m small doses without the mterruption of rest periods, the ana- 
logue of later contmuous treatment 

In complete ignorance of the cause of syphihs, of the biology of 
the disease in man, of immune processes, and of the mechamsm of action 
of mcrcur}% these two schools, one of mterrmttent and the other of 
continuous, but both prolonged, treatment systems, flourished side by 
side for four full centuries, durmg which the only minor advance was 
the introduction in the early 19th century of iodine This drug, given 
as a halogen iodide, w^as showm to have heahng but definitely not cura- 
tive effect in syphilis, presumably on the basis of its ability to “dissolve” 
granulomatous tissue It came to be used empincally m combmation 
U'lth mercury on the theor}’" that by speeding up the healing of lesions. 
It enhanced the penetration of mercury into those lesions and thus aided 
m the destruction of the then unknown agent of the disease 

In the seven-year period, 1903 to 1909, all this was changed In 
1903, syphilis was for the first time transmitted to experimental ammals 
by Aletschmkoff and Roux, thus perrmtting the laboratory study of 
existing and new methods of treatment In 1905, the causative agent of 
s)'^phihs, the T pallidum, ivas discovered by Schaudinn, thus aUownng 
for a s)'^stematic study of the biology of syphihtic infection In 1907, 
the blood test for syphdis (noiv possessmg so many modifications as 
best to be knowm by the generic term “serologic test for syphihs,” 
abbreiiated STS) w^as developed by Wassermann, Neisser and Bruck, 
thus immensely widening the opportumoes for diagnosis, for immuno- 
logic study, and for evaluating the effects of treatment Fmally, m 1909, 
the modem chemotherapy of sj^phihs was bom through the discoverv’^ 
of salvarsan— 606— by Ehrlich and Hata 

The use of arsenic in the treatment of sjqihilis and the eventual 
discovery of 606, tvas no accident, but the result of carefully planned 
clicmicil and biologic experimentation over a penod of years The 
popular name of the drug represents the fact, now^ often forgotten 
th It It w as the six hundred and sixth preparation which Ehrlich and his 
co-M orkers had developed On the basis of his ex-penmental studies 
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Ehrlich originally hoped that syphihs could be “cured” with a single 
injection of the drug— “therapia magna sterihsans”— and indeed, this was 
and IS possible in experimental ammals 

In man, however, and m doses capable of safe employment, the hope 
was not realized Patients with early syphihs treated with a single dose 
of 606 relapsed m high proportions To meet this disappomtment, two 
expedients were promptly tried— first, to mcrease the mdividual dose 
past the margm of safety advised by Ehrlich, an attempt promptly 
abandoned not only because of risk to the patient but also because of 
therapeutic meiffectiveness, second, to give repeated mjections of the 
drug, at first a few, and later as the mefiicacy of this was demonstrated, 
many The custom of spacing such mjecaons at weekly intervals was 
based in part on convemence but more importantly on the rate of 
excretion of do6, which was completed withm five to seven days, and 
m the effort to avoid cumulative toxic effects Eventually, it was found, 
m early syphilis, that 606 alone, m any smgle amount or by repeated 
doses at any mtervals, still provided a relatively high relapse rate, and 
the mmds of clinicians reverted to the possibility of combmmg arsenic 
UTth mercury 

In the meantime, the experimental laboratory had demonstrated that 
arsenic, as exemplified by 606, was actually spirocheticidal, and that m 
experimental animals it was curative with a therapeutic ratio of ap- 
proximately 10, le the lethal dose (AdLD) divided by the curative 
dose (MCD) equalled 10 At the same time, similar laboratory studies 
had shown that mercury was likewise spirocheticidal, but that its thera- 
peutic ratio was approximately i, 1 e , the dose necessary to cure an 
infected animal about equalled the kilhng dose The beneficial action 
of mercury m human syphihs, if any, remamed and soil remains without 
adequate explanation 

Nevertheless, and m the face of this discouragmg expenmental evi- 
dence concerning mercury, its climcal trial m combmation with arsenic 
quickly demonstrated important advantages, m terms of lowered inci- 
dence of relapse and probable eventual cure, over the use of arsenic 
alone 

Now arose important considerations Should these two drugs be 
used separately or simultaneously, continuously or mtemiittently, and 
for how long should treatment be continued ^ On these several points, 
there was no agreement because of still madequate knowledge of the 
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biology of syphilitic infection, the tovicolog)'' of the drugs, or their 
exact mechanism of action Looking back to the four centuries of e\- 
penence with mercurj’', empirical systems of treatment were devised, 
one of which employed simultaneous courses of salvarsan and mercury 
separated by rest periods, the other giving courses of each m alternation, 
treatment being continuous 

Gradually and with increasing chmcal and expenmental evidence. 
It became clear that the continuous method of treatment possessed im- 
portant theorencal and practical advantages When the drugs were 
given together by the intermittent system, toxic symptoms from each 
were more frequent and more severe, the danger of producmg a strain 
of organisms simultaneously drug resistant to both was ever present 
The mterpolation of rest periods to permit the recover)’^ of the patient 
from the effects of treatment enhanced the possibility of relapse unless 
actual “cure” was accomplished by the first course of treatment Given 
separately by the contmuous system, all these hazards were avoided 
The ultimate proof of the pudding lay in final clinical outcome, and 
by 1926 It had been estabhshed that for early syphihs, the continuous 
method of treatment produced results far superior to those attainable 
with any other method 

The difficulty lay m the length of time necessary to accomphsh 
these results Here, by a system of trial and error, and by comparative 
evaluation of relapse and “cure” in groups of patients given varying 
amounts of treatment, it was determined that with courses of arsenic 
injecQons given at weekly mtervals, separated by courses of mercury, 
12-18 months of treatment was necessar)'^ for early syphilis, 6-12 months 
for latent syphilis, and varying penods of time, all measured in years, 
for various rv^pes of late syphilis 

This unfortunate prolonged penod of treatment, together with the 
disagreeable, expensive, and sometimes dangerous features of it, posed 
gra\e pracncal difficulties in the way of its mass applicaaon Many 
patients w ere too stupid to complete the tedious gnnd, for all, it was 
too dangerous, too time-consuming, too expensive, and other expedients 
u ere constantlv sought 

At first these took the form of attempts to develop arsenical drugs 
less complicated to administer and less dangerous than 606, which by 
now W’-as known in this country as arsphenamine From this search, 
there came neoarsphenamine, siher arsphenamine, and seieral others 
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In 1925, bismuth was first mtroduced, and this drug, with a therapeutic 
mdex of about 3 to 5, as compared to 10 for arsphenamme and i for 
mercury, gradually came to replace the latter Soil, however, the sys- 
tem of prolonged contmuous treatment persisted with altemaung 
courses of some arsemcal drug and bismuth (the latter replacing mer- 
cury and improving upon its results) 

In 1933-1934, two new developments occurred Tatum and Cooper 
restudied and re-mtroduced mto the treatment of syphilis an arsenoxide 
This substance, the therapeutically active eventual oxidation product 
of all arsphenammes, had onginally been studied but abandoned by 
Ehrlich as too toxic for human use In therapeutically effective doses 
in man and ammal, however, it developed that this drug (marketed 
m this country under the trade names of mapharsen, clorarsen, or 
phenarsme hydrochlonde) was actually less toxic than its parent 
arsphenammes, that it was excreted from the body with much greater 
rapidity (from 2 days instead of 5 to 7), and that it was as therapeuti- 
cally effective as the best of the arsphenammes, 606 itself Combined 
with these advantages was simplicity of admimstration 

Likewise m 1933, Chargin, Leifer, and Hyman in this country and 
Tzanck m France commenced a re-exploration of the effect of massive 
doses of arsemc given m a short penod of time Undismayed by the 
failure of earher tnals of vanous mtensive treatment systems and with- 
out prehmmary laboratory study, they treated a senes of patients with 
4-5 grams of neoarsphenamine given by continuous intravenous drip 
over a five-day penod 

Later, because of deaths and a high mcidence of senous reactions 
m the nervous system, mapharsen was substituted for neoarsphenamme, 
with equally satisfactory chmcal results and Math a reduction in the 
incidence of toxic reactions, but soil, however, Math the frequent oc- 
currence of senous toxic encephalopathies and a mortality rate of ap- 
proximately I to 200 patients treated 

The results obtainable by this mtensive method of arsenotherapy 
given withm a five-day penod, were equally as good as or better than 
the best obtamable with prolonged treatment systems requiring 12-18 
months for completion, and the method had the mestimable advantage 
that almost aU patients actually completed treatment, although at a 
considerably mcreased nsk 

This radical innovation quite properly promoted a systematic re- 
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in\ csngaaon of die whole problem of metal chemotherapy of syphilis, 
a laborator)’’ study Avhich should hate been carried out many years 
earlier Careful expenmental study m animals by Eagle and Hogan 
ret ealed diat the curative dose of mapharsen in early syphihs in rabbits 
was remarkably constant (5-7 mgAg of body weight) regardless of 
the time intert'^al over which the total dose ttas given, but that the 
tOMCity of the drug vaned in direct relaGonship to the duration of 
treatment Administration by cononuous intravenous drip carried no 
advantage but some actual disadvantages over multiple intravenous in- 
jecuons Further, the results of mapharsen therapy in animals were 
improied by the simultaneous admmistraaon of bismuth, without sig- 
nificant increase m the toMCity of either drug Finally, it was showm 
tliat the curauve dose of mapharsen in early sj’philis in man w^as 3-5 
umes the curative dose m the rabbit (1 e , 20-35 ^g' Ag )> ^nd that the 
same considerations as to toxicity applied m man as in the animal 

This relaoon of curative to toxic dose permitted the statement that 
as to arsenic-bismuth chemotherapy of early syphilis, there is no single 
optimum treatment scheme Given a requured total dose of 20-35 
mg /kg of mapharsen (1200-2100 mg) administered either by in- 
traienous dnp or mulnple mdmdual mjecGons, various treatment 
schemes may be devised with expected and actual mortality rates de- 
tennined by the duration of treatment Thus, tnth all treatment schemes 
compressed wuthin ten days or less, the mortahty is about i 200 
Whth schemes prolonged for ten to twelve wxeks, the mortahty from 
treatment falls to i 3000 or less Withm these extremes of ten days to 
tw eh e w eeks, essendally the same clmical results may be achieved, with 
mortahrv’^ rates selected as desired to meet the exigencies of the particu- 
lar panent or the local situation 

Meanwhile, in parallel wath these studies of intensive chemotherapy 
and indeed antedating them, were progressing other studies of the 
effect of so-called non-specific methods of treatment, especially fever 
The chmeal acumen of both medieval and modem physicians is chal- 
lenged by their failure to appreciate the significance of the first record, 
in the Avtobwgraphy of Beniemito Celltni, of the “cure” of his own 
syphilmc mfecoon by the fever of intercurrent malana Not until 1917 
did the classical clinical studies of Wagner von Jauregg' establish the 
\ aluc of fever (malana) in the treatment of that most senous manifesta- 
tion of S3'philis general paresis, further clinical and ex-penmental in- 



^estiganons have thoroughly estabhshed the value of fever therapy, 
whether from induced malaria or Jby mechamcal means, in almost all 
forms of neurosyphilis Indeed, m patients with neurologic damage from 
syphilis, fever alone is more efficacious than any form of chemotherapy, 
and there is reason to believe that post-fever chemotherapy does not 
add much to the results obtained from fever alone Curiously enough, 
however, and for reasons not yet clearly known, the value of fever 
therapy per se is almost enorely limited to neurosyphilis There is ample 
climcal and experimental evidence to show that fever alone, m any 
degree tolerable by man, will not cure early syphilis However, more 
or less empirically, there have been numerous clinical attempts, m all 
stages of syphilis in man, to combine fever therapy with chemotherapy, 
resulang, m early syphilis, m an effort to compress all treatment into a 
smgle day (the highly pubhcized “one-day cure of syphihs”) The 
laboratory has again lagged behmd the chnic m the study of this im- 
portant problem, but forced into it by climcal pressure, the experi- 
mentalists have now demonstrated (for phenarsine hydrochlonde in 
syphilis) that while the toxicity of the drug is doubled at fever tempera- 
tures, Its therapeutic efficacy is increased four-fold or better These 
toxicity/efficiency ratios dunng fever appear also to hold for many 
other drugs, e g , the suLfonanudes 

With any method of use of the arsemc-heavy metal treatment of 
early syphilis, whether in 12 to 18 months of continuous weekly treat- 
ment, in 5 days to twelve weeks of mtensive or semi-intensive treatment, 
or m I to 3 days of combmed fever-chemotherapy, the results are about 
the same These are 80-85 per cent “cure,” as measured by prolonged 
seronegativity of blood and spmal fluid and freedom from early relapse 
The late results of adequate prolonged therapy are also known, and 
comprise about 5 per cent of the development of cardiovascular and 
neurosyphihs in contrast to the 30-40 per cent expected m the absence 
of all treatment With the newer intensive and serm-mtensive methods, 
these late results will not be available for another generation 

Th applicabihty of the prolonged arsemc-heavy metal systems to 
the treatment of vanous types of late s}q5hilis has been fairly well 
determmed after a total penod of thirty-five years, as has that of fever 
therapy, alone or combined with chemotherapy, to neurosyphilis As 
CO the newer mtensive treatment systems, nothing is as yet known in 
this respect 
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Through ill the >cirs 149; to 194^, 45') of them, the questioiT? 
uppermost m the minds of doctors ln\e heen, both m respect first to 
mercurt, liter to irscmc-hca\ \ mctiK, whit prcpintions to gne- 1)\ 
whit route of ndmimstritiou' lione or m comhmirion with mother 
druc or non-s|>ccific method of trcitment- tommuousi\ or m iltcrni- 
tioiT mil for how long* In their stinplc*«i form ill tlitsc questions look 
towird the solution of 1 problem inherent in di forms of ehemothcnpe 
w’hcther of s\ phihs or some other discisc the time-dose relmonship 
I hroutth ill these 4^0 \ cirs moreover ittempts to solve these 
problems hive proeceded (until quite rceenth ) on iti mdividuil nther 
thin on m orgmi/ed Insis In ill lomunes (until rcecntlv ) hbontoncs 
hive thought it sufjuicnt to miuninee tint 1 given dnig or 1 piaicuhr 
prepintion of it w is of viliie m svphili'- llovv the drug should be used 
in terms of the ibovc questions wis ni geiicnl le!t to the elmitims 
The litter working indepeiidintK of otlur ilinieims md thertforc 
neecssiriK cieh on 1 smill sede irir»l vinous sv stems iml eombitn- 
tions of trcitment eieh ti\mg to pei-sinde the other tint his pirtieiilir 
phti WIS best lor the first time, in tin litc io:o‘s, the Leigiie of 
\ itions md 1 little liter the Coopentive ( imu d (iroup isponsoreil 
In the I' S Public Iledth Seivue) undertook 1 s\stcnntie studv ol 
the results of v inous tre nmcnt sehemesmculv sv philis 1 he result oi 
this World-Wide disorgmi/ed studv wis tint is Inc is |unc, 104^ - 
unlv' 1 short 17 months ijui- there w is still dts itirermeiu imong doe- 
tors is to the best mmner of treitmu even the snnjdist lorm of sv ji|u- 
htie infection, the leute cirlv st igcs of the iliseise 

\^'IthIn ilmost the twmkliiu’ of m eve. this pietiire w is even more 
abniptiv chmgcd, in Inne lojo thin In the idvcnt of sdvirsin, 
}cirsbeforc In tint month. Milmiuv , \rnold md 1 lirris ileiiionstnucd 
tint penicillin wis tfTcttivc in cirlv s\ phihs m ribbit md mm 1 his 
dnig, for ill jintticil pnrjioses loniplctclv non-to\ie. ippeircd to be 
cnritnc in tirly sv phihs when idministcrcd within the brief jicriod of 
eight divs I litre wis mitnl promise tint 1 ripid cure of eirlv sv phihs 
hid been discovered which vv.is eomplct(I\ sift litkmti ill the hi/irds 
of the poisons nrstnie md bismuth 

Tortunitelv for penicillin md the ulv.mitmtnt of knowledge eon- 
cerning ir. our eounirv’ wis it the moment md still is cngiged m 1 
great vvir 1 he problem of syphilis, tspetinllv tiilv sv phihs, is of ]nri- 
nioiint importnnee to the ‘\rmcd I'orces, .mil for the sike of conserving 
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man power, it is urgent to determine qmckly the optimum method of 
use of this new and revoluoonary drug In place, therefore, of releasmg 
pemcillin to all of the syphihs clinics of the country, each of which 
nught pursue its OMm mdependent avenues of study, it was clearly 
obvious that an organized investigation was essennal 

This was brought about through the cooperation of the U S Army, 
Navy, and Pubhc Health Service and the Committee on Medical Re- 
search of the Office of Scientific Research and Development, under the 
general auspices of a Pemcillm Panel appomted by the Subcomimttee 
on Venereal Diseases, National Research Council Together with the 
Army, Navy, and the Public Health Service, some twenty-five civilian 
dimes were invited to participate m a study of the effect of pemcillin 
m early and late syphilis, the results m early syphilis to be pooled and 
statistically analyzed as a group 

In adffition, the cooperation of four laboratones was enlisted m 
order to study m espenmentally infected animals the various permuta- 
tions of the tune-dose relationship m both early and late syphihs, such 
other important issues as the effect of penicillin m combination with 
other chemotherapeuGc agents as arsenic and bismuth^ or in combina- 
tion with fever Both m dime and laboratory are progressmg compara- 
tive studies of the several pemcillin salts, sodium, calcium, and 
ammomum, methods of prolongmg the action of the drug, and other 
important pharmacologic investigations 

The urgency of the military situation does not permit, however, 
that the apphcation of pemcillm to the treatment of syphilis m human 
beings be postponed until all available mformation can be had from 
experimental animals Experimental study must progress simultaneously 
m man, and is rendered particularly feasible because of the almost 
complete lack of toxic effects from the use of this drug 

The problems of special importance to the Armed Forces are early, 
latent, and neurosyphilis, m that order Most of the climcal emphasis 
has thus far been placed on the two of these in which results are readily 
measurable, early and neurosyphilis The problem of latent syphilis has 
been relegated to the future for large scale study, pnmarily because it 
IS essenually a long term investigaaon, the results of which depend on 
ultimate climcal outcome after many years of observaaon 

In early syphilis, all cooperating clinics have agreed to work on 
assigned treatment schedules devised to investigate the effect of the 
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sc\cnl \nrnl)lcs of (i) roviic of ulniinjstr uion, (z) tlic iiucnnl be- 
tween injections, (^) the tot.il ilnrnion of treitinent, nul (4) the total 
dose of drug Lirl\ elTort Ills been centered •in these four fnciors, in 
order to determine as r.apidl) as possible the elfeet of penicillin alone 
I he (ifth \ amble the elfeet ol pcnieilhn in eombination with other 
ncents (eg, arsenic bismuth, fe\er) his is \ ct InrcK been loueheti 
ehnicalh, though 11 is of course under hhontore stud\ 

I he results to liuc permit a mimlier of general stitctnents \ single 
injection of penicillin, b) iiu route of administntifin and in whatc\er 
amount is practically inclfeetive in carK s\ phihs of man or animal, 
multiple injections are nceevsar) I he intrimust.nl ir route of idiiumstm- 
tion of aqueous or vilinc solutions of penicillin is eertamK a.s good as 
aiul pnibabK snperifir to the teehnieilh more thnicult intraienous 
route, whether the latter is yncii b\ reputed injections nr b\ continu- 
ous drip \\ ith at|ueous or silinc solutions the fiptimnm inter\ il be- 
tween single mtr nnustular injections nnges from three to si\ hours 
certainK not in e\ce-ss of the latter \bsorption anti estretion of the 
drug IS complete within this tunc tinge methods of prolonging ib- 
sorption In meins of such c\])tdicnts is oil suspensitin, implant uion of 
pellets etc are not rcael\ for mass expcnmcntil stiuK in man The 
intrathecal injection of pcnteilhn m jitttents with earh neuros\ phtlis 
(eg asTinptoimtic ncurfis\ phihs acute svphihtit meningitis) is not 
neeessarv although the drug does tiot penetnte mt«) the et rebrospinal 
fluid It does penetrate the diseased tissues of the neieons s\stem 1 his 
IS ilmost ceriainh true iKo m litc neunis\ phihs 

nil these dita in hind treitineni sehtints so fir einplostel hue 
heeii built areiund the futors «»f repe ited mtr nnuscul ir injcetions of 
iquernis or saline solutums of |Kincilhn tM\en at inttr\ ds of eaera three 
to si\ hours da\ iiid nudit I he next juoblein his been to determine 
uiial dose nul tot il duration •>( tieitinent i" nn the perennial tiine'- 
dose rel iiionslu|i 

In man the first elfoii m this duet non w is to stud\ the eomjiira- 
ti\e en’cetntnes\ of femi ticitmtnt groups, given Kitil eloses of peni- 
cillin within the :o-f«)ld 1 umc «)f rto.ooo to i,:oo,ooo units divided in 
60 intrnmuseuhr injeetions given evtrv three honis div iiul nighr for 
a standard durition of 7'' di\s \t onte. theie emeiged the fier tlur 
vv'ithin this enoniunis variation of dose, imincdiite results were pricti- 
cnlly identical Spirochetes disippearetl from ojien lesions within the 
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time range of six to sixty hours (average about twelve hours) , lesions 
healed with great rapidity, and there was a rapid trend toward reversal 
of the blood serologic test which proceeded at almost the same rate 
regardless of dosage These factors could not be used, therefore, to 
deterrmne the effectiveness of a given treatment schedule The only 
factor which has so far proved of importance is the comparative inci- 
dence of relapse, chmcal or serologic, and determination of this relapse 
rate is possible only after the passage of many months of time It must 
be repeatedly emphasized, therefore, that the data so far available are 
based on relatively few cases followed for relatively short time periods 
Several thousand patients have been treated, but only a few hundred 
of them have been followed for six months or longer 

Keepmg m mmd the preliminary nature of the results, however, it is 
already mdicated that withm the range so far studied the relapse rate 
IS m mverse ratio to total dosage, the lower the dose, the higher the 
relapse rate With a total dose of 60,000 units given m 7*4 days, the 
mdicated eventual early relapse rate is loo per cent, with 300,000 umts, 
about 75 per cent, with 600,000 umts, about 40 per cent, and with 
1,200,000 umts, about 15-20 per cent This last rate, 15-20 per cent, is 
only a httle worse than the best that one can accomplish with arsemc- 
bismuth chemotherapy whether given by mtensive, semi-mtensive, or 
prolonged systems, and pemciUm holds the mestimable advantage of 
freedom from all the senous risks of metal chemotherapy 

The next problem is, of course, the effect of much larger doses 
Acting on the time-honored lay theory that if one piU is beneficial, two 
must be better, and four perhaps better still, a large series of cases has 
been treated with 2,400,000 units m 7I4 days, and is now under ob- 
servation The time elapsed is too short to permit defimtive compari- 
sons, but relapses seem less frequent than with half this dose 

Under simultaneous study is the variable of time So far, only one 
comparison is possible Given in 30 injections in 4 days, a total dose 
rangmg from 600,000 to 2,400,000 units is perhaps less effective than 
when a similar dose is given m 60 mjections in days Halving the 
duration of treatment is therefore not helpful, whether doubling it to 
eg 15 days, while holdmg the total dose constant improves the situa- 
tion, IS a problem for future study 

Also under current mvestigation is the effect of lengthening the 
inten^al between injections Here it has already been established that an 
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mtenal of 12 hours is misatisfactor)% whether there is any matenal 
difference betu^een 3 and 6 hour inten’^als has not yet been determined 

Finally, in early s)’philis, some animal studies and nvo small pilot 
groups of patients suggest that pemciUm m combmaaon t\uth an arsen- 
oxide (the latter given in eight ditnded daily mjections totalhng 5-6 
mgAg of body v eight wnthm 8 days) may be more effective than 
either drug alone 

The treatment plans so far utilized by the cooperatmg dimes m 
early s}"philis are shortly to undergo complete revision m order to 
protude further information as to the several variables mvolved It is 
beheved that with this tj’pe of organized investigaaon, optimum meth- 
ods of use of pemcillm in early syphihs can be developed withm three 
to five years, thus obviatmg the thirt}^-five years of uncertamty w^hich 
foUow'ed the mtroduenon of arsemc 

So much for uncompheated early syphihs Simultaneously, it has 
been shown that pemcilhn is apparently completely effecave m early 
s)’philis treatment-resistant to arsemc and bismuth, it appears to be of 
great value m the prevention of congemtal s)^hilis in infants bom of 
recently infected mothers, it produces dramatically favorable effects 
m early neurosyphilis, asymptomatic or merungeal, in both of w^hich 
spmal fluid abnormahties improve w ith even greater rapidity than does 
the blood serologic test, and it is equally as useful in infantile congemtal 
s}q3hilis as m the acquired disease (In infants, the total dosage employed 
in 8-12 days of time has ranged from 20,000 to 60,000 umts/kg of 
body weight) 

Patients w^ho have relapsed, chmcaUy or serologically, after any 
dose of pemciUm have been re-treated wnth doses at present regarded 
as large (le, 1,200,000 to 4,000,000 umts) So far, no example of 
pemcilhn resistance has been encountered, m the sense that relapsing 
lesions have responded as promptly as did the imtial outbreak It is 
probable that the relapse rate m re-treated patients wall be higher, how^- 
ever, than m patients treated for the ongmal attack, a phenomenon 
also obvious with metal chemotherapy 

Late sjqihihs of various t^qies presents a much more complex prob- 
lem Here the imtial demonstranon w^as that pemcilhn heals visible 
gummatous lesions of the skin and mucosae with even greater rapidity 
than does metal chemotherapy In mterstitial keratitis of congemtal 
syphilis, the results are less spectacular, about 50 per cent of the pa- 
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tients treated have improved In neurosyphihs of vanous types, ranging 
from asymptomatic neurosyphiJis of mild degree to general paresis, htde 
can as yet be said Some degree of immediate clmical improvement is 
apparent m most symptomatic cases, but whether these results are as 
frequent or as complete as after fever therapy is as yet debatable In 
most patients with neurosyphihs of any type, there is prompt improve- 
ment m the spmal flmd abnormahnes, especially in cell count and 
protem content, and sometimes m complement fixation and colloidal 
tests as well It is not yet known whether this chmcal and serologic 
improvement will be mamtamed 

Dosage schedules in late syphilis are much more difficult to deter- 
mine than m early syphihs, and many variables have been employed 
In general, the major effort of study has been m neurosyphihs, and 
here, at the moment, four schedules are under trial These are 

1 Repeated courses of relatively small doses, eg, 1,000,000 umts, 
separated by rest mtervals 

2 Smgle massive dose courses, rangmg from 2,000,000 to 6,000,000 
units, given withm 8 to 20 or more days In general, the larger doses 
are under study in patients with paresis, pre-paresis, or primary optic 
atrophy, the smaller doses m less senous forms of neurosyphilis 

3 Malana plus 2,000,000-4,000,000 umts of pemcilhn simultane- 
ously admimstered, an expedient possible because of the lack of effect 
of pemcilhn on malana There is some mdicadon that pemcilhn, like 
other drugs, is more effective at fever than at normal body tem- 
peratures 

4 Malana followed by pemciUm 

The evaluation of pemcilhn m late syphihs, and optimum methods 
of Its employment, are obviously comphcated problems which will 
require many years of study Here, as m early syphihs, however, re- 
sults wfil be much more qmckly available through organized coopera- 
tion of many mvesogators than by isolated individual effort 

One further fact emerges from the use of pemcilhn m late syphihs 
of all types There is evident a trend toward seroreversal of the blood 
test m a higher proportion of cases than v^as previously possible from 
metal chemotherapy Whether this is necessarily a favorable sign would 
lead us into a discussion of the phenomenon of seroresistance, for which 
there is neither time nor space available here 

Reactions from penicillin are negligible except for the Jansch-Herx- 
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heimer reaction, consisting usually of fever, sometunes of exacerbation 
of lesions, within the first twenty-four hours of treatment The fre- 
quency and intensity of this reaction is related to dosage It occurs in 
about 75 per cent of pauents with early syphilis and about 30 per cent 
of those with latent and late forms of the disease 

The rapid and safe cure of early syphdis is just around the comer 
It is desirable to note, however, that a method of treatment requirmg a 
minimum of ten days of hospitahzation for early syphihs is not prac- 
tical for nation-wide apphcation, especially in rural areas It is not so 
much a question of more hospital beds (though this is important) as 
of the general problem of the economics of antisyphihtic treatment 
A method of use of penicilhn m ambulatory patients is essential, and 
IS not yet m sight 

As matters stand at present, pemcilhn is a new and powerful ad- 
dition to syphilotherapy How best to use it, alone or m combmation 
with other forms of treatment, is as yet undetermmed but is under 
organized, nation-wide, govemmentaliy sponsored study, from which 
defimave results may be expected rapidly to emerge The desirabihty 
of contmuation of such a scientific approach is exemplified by the 
histoncal background of the past 450 years, which I have so briefly 
reviewed tomght Perhaps soon again, an answer can be given to the 
questions of doctor and patient “How do you treat syphihs^” 
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o 52 SHSESi 25 S 5 E^H£ history of the treatment of the disease, gonorrhea, is 
K H as varied and as bizarre as any m medicme The story 

S T a ^ period extending from the tmie of the migration 

m H tribes of Israel to the immediate present An al- 

SasHSHSHSiSHSfl most mcredible hst of drugs and chemicals has been 
employed, as well as a variety of biologic preparauons, serums, vaccines 
and filtrates Then* lack of effectiveness m combatmg the infection 
may best be attested by the difficulties and problems which were pre- 
sented by the patient vnth gonorrhea up to the very recent past The 
most remarkable chapters have been written vnthm the last decade 
during which time the disease has passed from the domam of the local 
therapist and into the scope of chemotherapy 

In attemptmg an evaluauon of the effectiveness of chemotherapy 
m gonorrhea, recourse will be taken to the appraisal of the two ob- 
jectives of such therapy, namely, the curaove and the public health or 
preventive The former is based upon the facihty and completeness with 
which the disease is brought to arrest and the mdividual returned to a 
state of health The second appraisal takes into consideration the abihty 
of the therapy to reduce mathematically the opportunity for transmis- 
sion of the mfection, thus becommg an mstrument in the reduction of 
the mcidence of the disease m a population group 

Not any attempt mtII be made to review or to comment upon the 
relative value of the many forms of treatment which have been advo- 
cated other than the foUowmg generalization The drugs and chemicals 
whose effectiveness was dependent upon S}^emic response, and this 
may well mclude the biologic preparations, m a large measure failed to 
produce consistent curative results Principal rehance finally centered 
upon the local apphcaoon of vanous antisepuc agents In the light of 
the histopathology of the disease, especially as concerns the male ure- 

* Presented October 12, 1944 by Dr J F Mahoney at the Seventeenth Graduate Fortnight of The 
New York Academy of Medicine 
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thra, the possibihty of even a most active germicide penetratmg to 
the site of the inflammation without affectmg adversely the tissue struc- 
ture, appears to be remote The duration of the disease and occurrence 
of comphcations m many instances reflected an unwise degree of vigor 
and heroism displayed m the apphcation of local measures On the 
whole, the entire concept of local therapy appears, m retrospect, to 
have been of hmited curative value 

The sulfonamide era may be assumed to have had its mception m 
1936 when the first of the sulfonamides, sulfanilamide, was made avail-i 
able for study In the following year the pubhcation of the results ot 
a group of well-conducted studies established beyond a reasonable doubt 
that the compound was effective m the cure of gonorrhea through s^'^s- 
temic or chemotherapeutic action This conclusion was the first of a 
senes of events, the cumulative effect of u’^hich has resulted in an 
almost complete alteration in the potentiahties of the disease as regards 
Its abflity to mjure the human The finding also ushered m one of the 
most dramatic chapters in medicine 

The shortcormngs of sulfanilamide therapy were soon apparent 
An objecaonal, but not significant or dangerous, cyanosis accompamed 
the mgestion of curative amounts of the compound When used over a 
prolonged penod, or m excessive amounts, defimte damage to the blood- 
forming organs was a possibihty A degree of mental confusion and 
some interference with muscular coordmation rendered the therapy 
somewhat dangerous for other than hospitalized patients Of primary 
importance from the pubhc health standpomt was a tendency to pro- 
duce symptomless states in which virulent organisms stdl persisted, thus 
giving rise to a earner problem Although by far the most efficient 
remedy m gonorrhea which had been produced, the drug rapidly lost 
favor and ceased to be a factor ivith the commg of the more adaptable 
and more effective sulfonanudes 

Sulfapyndme was the second of the group to attam usefulness in 
the therapy of gonorrhea It was proven to be capable of produemg a 
high cure rate Its action was prompt and clearcut However, the use 
of the drug was accompamed by a disagreeable gastromtestmal toxicity 
which also restneted its use to patients under close supen’^ision This 
compound, too, rapidly passed from favor when the most important 
member of the group, sulfathiazole, was developed This last drug 
displayed a remarkable freedom from the production of toxic reactions 



when used in a conservative manner and was credited with producmg 
a cure rate approxunatmg 85 per cent under favorable conditions Sulfa- 
thiazole has been generally used by clinicians, and almost exclusively by 
health organizations, m the management of the disease and was not 
replaced m populanty by sulfadiazme or others of the more recent 
sulfonaimdes 

In an excellent review Henryk summarizes current thought on the 
subject of the mode of action of the sulfonamides There is general 
agreement that the present concepts undoubtedly wiH change as more 
complete knowledge becomes available The consensus at the moment 
favors the view that this group of compounds mhibits the growth of cells 
and that this mhibition involves not only the bactenal ceU but the tissue 
cells as well The degree of mhibition seems to be dependent upon the 
concentration of the compound, the type and the environment of the 
cell 

Evidence available at this time supports the view that the bacteno- 
static effect of the compounds is due to a direct inhibitory influence 
upon one or more enzymes That the action is reversible may be dem- 
onstrated by the restoration of cellular activity after washing out of the 
sulfonamide compound 

One group of mvestigators beheves that the sulfonaimdes mterfere 
with the enzymes which catalyze anabolic and catabohc reactions 
withm the cells The antagonism of para-ammobenzoic acid to the 
action of a sulfonamide is explamed on the assumption that an excess 
of para-aminobenzoic acid effectively minimizes the combination of the 
sulfonaimdes with the enzymes necessary m anabohc reactions which 
utilize para-armnobenzoic acid as a substrate However, there appears 
to be support for the belief that the sulfonamides produce primary in- 
hibition of one or more enzymes concerned with oxidanon-reduction 
and thus mterfere with cellular division 

Dorfman, et al,^ pomt out that the bacteriostatic effect of sulfa- 
pyndme and sulfathiazole appears to be caused by the mhibition of 
reactions other than those which are influenced by sulfanilamide They 
conclude that the action of the sulfonamides may be explamed on the 
basis of differential mterference among several enzyme reactions Such 
a selective capabihty appears to be mdicated by chmcal expenence 

Early experience with sulfonamide therapy m gonorrhea demon- 
strated that a proportion of patients, approxunatmg 15 per cent with 
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sulfathiazole, failed to attain curative response following a routine of 
treatment which proved to be effective in a large majority of mstances 
The reasons usually put fortli to explain these failures were (a) the 
chance encountering of a stram of N gonorrhoeae whose biology dif- 
fered from the average to the extent of bemg resistant naturally to 
chemotherapy and (b) that the failure patients represented a deficiency, 
or absence, of some host factor which was essential to the effecuve 
action of the compound A brief discussion of these concepts may be 
of interest 

At the outset of the work it was necessary to ascnbe any resistant 
characteristics to natural phenomena, as not any of the strams had 
been exposed previously to the sulfonamides with sufficient frequency 
to stimulate a biologic change of the degree manifested by the resistant 
strains Hence, it must be assumed that the ability to survive was the 
result of experience wath destructive agents other than the sulfonamide 
type of compounds Just why only a relatively few strains should 
have had this experience is not clear 

It was not until recently that a specific contribution to the subject 
of strain resistance could be made In uuhzmg this reference and 
material, recourse will be taken to an unpublished study, the results of 
which probably will be made available in the near future 

Under conditions of mcarceration male volunteers were exposed 
to infection through the urethral mstdlation of culture matenal con- 
tauung virulent gonococci The percentage capabihties of various strains 
to produce chmcal disease does not enter mto present considerations 
Of interest is the evidence which pomts to the presence of stram re- 
sistance and to the tendency of an mdividual stram to follow a char- 
acteristic behavior pattern as regards its response to sulfonamide 
therapy 

A strain of N gonorrhoeae isolated from a prostitute who had failed 
to attam chmcal cure through repeated courses of sulfonamide therapy 
was purified and utdized as moculum m the exposure of a group of 
19 volunteers Of this group 10 developed clmical gonorrhea confirmed 
by laboratot}’' findings All of the patients failed to respond to sulfa- 
thiazole therapy m a satisfactory'' manner and were brought eventually 
to chmcal and bacteriological cure through the use of pemcilhn 

The converse of this was also studied A stram of N gonorrhoeae 
isolated from a male patient who had responded m a satisfactory man- 



ner to sulfathiazole therapy produced clinical disease in 25 volunteers 
All of this group attained prompt rehef of symptoms and negative 
bacteriological findmgs foUowmg the use of sulfathiazole 

Although the material is not large the observations were very 
precise and pointed toward the abihty of strains to retain susceptible 
and resistant characteristics through the small number of passages ob- 
served 

The second concept, that mvolvmg host factors, may be dismissed 
rather hurnedly because of the lack of exact information upon the 
subject Early m his studies m chemotherapy Ehrhch postulated that 
a degree of immunological response was a prerequisite to the efficient 
action of any chemotherapeutic compound This thesis must have been 
based upon philosophic grounds as the procedures which are used to 
measure the usual immunological responses fail to show any difference 
in the economy of patients whose infections responded to the sulfona- 
mides and those which faded Neither are chmcal means available which 
serve to identify or measure the host factors which serve to enhance 
the action of the chemotherapeutic agent 

That host factors are of importance is demonstrated by the result^ 
which are obtamed m patients who contract the disease from a single 
source and hence should be considered as havmg been infected by the 
same stram In several mstances of record, one patient has been known 
to attam a prompt cure while the second has proven resistant to sulfona- 
mide treatment The identification of these host factors and their stimu- 
lation or alteration to assist better m the promotion of drug action 
snll constitutes one of the most important problems in chemotherapy 

In attempting an estimate of the over-all benefit which has been 
denved from sulfonamide therapy the pubhshed cure rates probably 
present a conflicting picture In studies earned out under hospitalized 
conditions wherem the patient actually receives a stipulated amount 
of the drug over the stated period of time and where the post-treatment 
observation is carried out m a precise manner and the patient is main- 
tained free from a reasonable possibflity of reinfection, the cure rates 
have approximated 80 per cent In studies m which outpatient materia] 
was employed lower rates have, as a rule, been produced This decline 
m effectiveness is to be expected as the actual carrying out of the out- 
patient treatment schedules depends entirely upon the type of coopera- 
tion -which the patient contnbutes Basing conclusions upon the findings 
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of studies wherein the most essential factor, that of total ingestion of 
drug, IS at the discretion of the patient wnll always be hazardous 

Because of the lack of an accurate statistical backlog it becomes 
impossible to follow the trends of gonorrhea m anythmg like a precise 
manner The peace time levels are not known and probably will not 
be known m the future Reflected in the statistical patterns, however, 
are evidences of marked increases m prevalence durmg and foUovnng 
periods of national conflict The upstrokes due to World War I are 
clearly defined At the present the gonorrhea situation appears to be 
enurely favorable The anncipated mcreases m rates have not, up to 
this time, taken place Such reports as are available from mihtary 
organizations located withm the contmental limits of the Umted States 
are appreciably below those of the previous conflict These rates are 
generally m the neighborhood of 30 per 1000 per year for the venereal 
group of diseases with gonorrhea contributmg the usual two-thuds 

Any decline m the gonorrhea rate, if it be the result of a man-made 
effort and not a natural cycle m the disease itself, must be ascnbed to 
the efforts which have been duected toward the control of the disease 
in recent years and which have been augmented greatly dunng the 
M'^ar penod Basically, these efforts have been dependent completely 
upon sulfonamide therapy until quite recently when penicilhn has been 
added The abihty of the therapy to curtail the period of mfectious- 
ness, thereby markedly reducing the mathematical opportumty for 
transmission in a fau proportion of patients, may be responsible for 
placing in motion a geometrically progressive declme m mcidence 
Such a dechne may be expected to contmue unless some unforeseen 
and unsuspected factors anse to impede the workmg of an accepted 
law of epidemiology 

Before a true estimate of the real value of sulfonamide therapy 
•could have "been established the antibiotic substance, pemcilhn, was 
found to possess an almost muaculous efficacy m checking gonococcic 
infecoons 

The developmental work in penicilhn therapy was earned out 
largely on the imtiation of the National Research Council The early 
•studies rapidly demonstrated the effectiveness of the product and sub- 
sequent efforts were directed toward the findmg of the optimal dose- 
time ratio 

In one of the early studies^ a treatment penod of 48 hours was 
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employed Because of the frequency of dosage and the use of intra- 
muscular mjections hospitahzauon of the patients became necessary 
The opposite extreme was reached m a very recent study in which 
Van Slyke‘‘ and others utilized treatment periods of 4 and 8 hours, 
respectively, givmg only two mjections, each of 80,000 units of pem- 
ctlhn The cure rates attainable with this routme were high— 92 per cent 
and 96 per cent The inference is mescapable that a routine of this kind 
employed m chmcs or in office practice would become a most effective 
instrument in a mass attack upon the disease 

In the matter of dosage, a wide range of effectiveness is probably 
demonstrable m different mdividuals Excellent results have been ob- 
served m patients receivmg as low as 50,000 umts and failures at 200,000 
umts This, again, may be an expression of the presence or absence 
of host factors A safe and efficient level of treatment appears to mvolve, 
roughly, a total of 120,000 umts given by mtramuscular mjection, 
20,000 umts at 3 hourmtervals over a treatment period of 15 hours The 
amount of drug may be doubled or the duration of treatment reduced 
appreciably without greatly altermg the cure rate 

In a recent article, Sternberg and Turner® report upon Army ma- 
terial The work is important because the generally satisfactory results 
produced represent the pooled experiences of a group of clinicians 
rather than those of an mdividual, and also because of the fact that it 
was not necessary to take recourse to any type of therapy other than 
pemcdlm to effect a cure m approximately 1800 patients mcluded in 
the study A similar experience has been reported by others 

Not anythmg is known of the biologic mechamsms, or the reasons 
therefor, which produced in one of many species of mold the capacity 
for the destruction of bacterial forms of life, among them, the gono- 
coccus The chemical nature of the substance is unknown or unrevealed 
Its mode of action, hke that of the sulfonamides, is ascribed to the 
power of blockmg enzymatic action Mffiich is essential to the economy 
of the bactenal cell In contradistmcoon to the sulfonamides is the 
fact that normal tissue cells are not mvolved m the action The real 
importance of penicilhn lies not so much in its ability to destroy cer- 
tam pathogens but rather to the impetus which its use has given to 
investigative work in the Geld of antibiotics The concept that anti- 
biotics may be effective chemotherapeutic agents is itself old Dubos, 
m the development of gramicidm, made a most important contnbution 
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Research of the future will be directed toward the discovery of other 
forms of hfe wluch possess the capacity to produce substances which 
may be uohzed in the destruction of pathogenic orgamsms 

In the recent hterature" some alarm has been expressed as to the 
role which will be assumed by gonorrhea m the future The prognosn- 
cauons mclude the production of symptomless carrier states and of 
drug resistant strams which will move unchecked through a population 
group m the proportion of an epidemic In this hght, the sulfonamide 
compounds will come to be looked upon as harbingers of eMl and 
precursors of calarmty to be censured and condemned for promoting 
a relatively mocuous disease to a position of direful proportions 

In the experimental study previously referred to a total of 82 in- 
fecaons was produced and treated with pemcillin and/or sulfathiazole 
AH were closelv followed through prolonged post-treatment periods 
with careful clinical and cultural obsen^ations Not any of this group 
was found to harbor the N gonorrhoeae beyond the eighth (8) day 
after the cessation of chmcal symptoms This evidence, for what it may 
be worth, pomts away from any alarming tendencies toward the wide- 
spread development of carriers and the lack of faith m the completeness 
of cure 

Conversely, if these therapies continue to curtail the duration of the 
infectious penod of the disease in a large proportion of mstances, then 
surely the exponent of pubhc health may look foru'^ard with confi- 
dence to a future world relatively free from the not entirely pleasant 
influence of gonorrhea 

It would be wrong to suggest that eradication might be well withm 
the range of possibility, as the complete destruction of any species in 
nature runs counter to all biologic law In all probability, the disease 
will always be with the human race but its capacity as a producer of 
human distress and suffering may be reduced to a minimum through 
the wise application of the knowledge which is available at the moment 

Conclusion 

Bv way of conclusion, if the incidence of the disease as estimated 
at the present can be induced to remain at its present level for the 
duration of the war, an appreciable reduction may be anticipated when 
those at present hnng under militar^j- conditions agam assume a more 
rational mode of existence When to this influence upon the side of 


the defense is added the most dramatic therapeutic agent ever placed 
at the disposal of the medical profession, with its recognized abdity to 
curtail the infectious penod to a matter of hours, then surely the inci- 
dence of this disease must further dechne to a pomt where, everything 
else bemg equal, the disease should not be an important source of ill 
health to the human race and its position as a pubhc health problem 
should have largely passed to a more worthy candidate 

REFERENCES 

1 Henry, R J Mode of action of sulfona- patient penicillin treatment of gonococ- 

mldes, Bact Rev, 1948, 7 175 cic infections in males. Few Du In- 

2 Dorfman, A et oL Inhibition of respira- form , 1944, iSS -229 

tion of dysentery bacilh by sulfapy- 6 Sternberg, T H and Turner, T B 
ridine, Proc 8oc Eceper Btol ^ Med, Treatment of sulfonamide resistant gon- 
1940, 4S 760 orrhea with pemcilhn sodium, JAMA, 

8 Mahoney, J F, Ferguson, C, Buchholtz, 1944, HS6 167 

M and Van Slyke, C. J Use of peni- 6 Dubos, R J Studies on a bactericidal 
cillin sodium in the treatment of sul- agent extracted from a soil bacillus, J 
fonamide-resistant gonorrhea m man, Exper Med , 1989, 70 1 
Am. J 8t/ph , Conor ^ Vfn Du , 1943, 7 Pelouze, P S Gonorrhea tlie epidemic 

g 7 526 we face, Yen Du Inform , 1944, S6 76 

4 Van Slyke, C J and Steinberg, S Out- 


THE MODE OF ACTION OF 
CHEMOTHERAPEUTIC AGENTS* 


Rene J Dubos, Ph D 


The Laboratones of the Rochefeller Institute for Medical Research Ness \ork 


n ^HERE are, theoretically, several independent avenues of 
{] approach to the problem of the chemotherapy of infec- 
9 nous diseases One may conceive, for example, of the 
a existence of chemical substances endowed with such 
th'ESHSESESESHSa physiological acmaty that they hasten recovery by 
stimulating the normal defense mechanisms of the body There may 
be, on the other hand, other types of chemical agents capable of exert- 
mg a beneficial effect on the course of the disease by decreasmg its 
tOMC manifestauons, either by combimng with and neutralizing the 
tOMc consatuents and products of the parasite, or by rendering the 
host cells resistant to these poisons In practice, however, the only sig- 
nificant results of chemotherapy to date have been obtained with sub- 
stances nTich are capable of killmg, or of inhibiting the growth of, 
the infectious agent m the invaded tissues of the host The present 
discussion \vill be lunited to an analysis of the mechanisms by \vhich 
annseptics and chemotherapeutic agents mterfere \vith the living pro- 
cesses of bactenal cells 

The Receptor Theory The first step in the action of many if not 
all antimicrobial agents is the fixation of the agent upon some constituent 
of the susceptible cell This hypothesis was first clearly formulated by 
Paul Elirhch, ivho beheved that antiseptics and chemotherapeutic agents 
exert their action by combmmg unth certain chemically reactive groups 
of the cell He called these hypothetical cellular structures “receptors ” 
Differential susceptibihties to the different groTvth inhibitors could thus 
be explamed by postulating the existence in the susceptible cell of a 
sufficient variety of receptors concerned in essential metabolic functions 
For a long time, the inadequacy of the biochemical knowledge con- 
cerning cellular structure and metabolism pre\ ented any definition of 
the nature of the receptors in accurate chemical terms Ehrlich him- 

* The Lcd^ng Ka«t Lecture Kuen October 9 , 1944 the opening lecture in the Seventeenth 
Graduate Fortnight of The ^sew York Academv of Medicine 



28 


THE BULLETIN 


self, however, had suggested that the arsenicals owe their physiological 
acavity to their affinity for reduced thiol groups Evidence has con- 
tinued to accumulate that the cellular — SH groups are mdeed the “re- 
ceptors” which fix the arsemcals upon the susceptible organisms, and 
furthermore, it is also beheved that the antimicrobial activity of the 
mercunals is due in part at least to the same type of chemical activity 
Further progress m the formulation of the receptor theory came 
from the analysis of the mode of action of the antibacterial dyes Thus, 
the basic dyes (tryphenylmethane and acndtne compounds m particu- 
lar) appear to owe their biological activity to their basic ions, which 
form feebly-ionized compounds with the acidic groups of bacteria 
Conversely, the acidic ions of the acid dyes (e g , acid fuchsui) are 
assumed to react with the basic groups of bacteria givmg rise to an 
ordmary type of double decomposition 

The same general type of acid-base reactions appear to constitute 
one of the primary steps m the action of other kmds of acidic and 
basic antiseptics, such as the synthetic soaps known under the name 
of amomc and catiomc detergents Although it is certam that these 
surface active compounds owe much of then bactericidal power to their 
physical properties, it is likely that they first umte with the bactenal 
cell through their acidic and basic groups respectively It is worth men- 
tiomng at this tune that the phenohe compounds have also been claimed 
to owe their antibactenal activity to a reaction between their acidic 
hydroxyl groups and some basic cellular components Smee reactions 
which occur slowly m the bulk phase may occur rapidly when the re- 
actants are onented m a surface layer, and smee phenohe compounds 
are surface active and therefore orient themselves at the cell surface, 
the reactivity of the phenohe hydroxy groups can become very great 
in biological reactions Even m the test tube, phenols can precipitate 
ammes provided one reactant is of sufficient molecular weight or car- 
ries a hpophihc constituent It is not unlikely, therefore, that phenols 
combme with the ammo groups of bacteria On this basis, phenohe 
compounds should be considered as amomc (acidic) antiseptics, a 
theor>^ vffiich may account for the fact that they are most effective at 

acid reacaons 

The further evolution of the theones of antisepsis has been paral e 
to the evolution of the theones of enzyme chemistry With the symbol 
of lock and key relationship, E Fisher introduced forcefully, as 
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Ehrlich had done \Mth the theory of specific receptors, the concept 
that the structural configuration of the reacting molecules conditions 
the rcacDon between enzymes and substrates This theor}'^ accounts for 
the evtraordmary specificit)’’ of many biological phenomena It ex- 
plains m particular the phenomena of specific mhibmon which ha\e 
come to play such an important part in biochemistry’', pharmacology, 
immunolog)^ etc Thus, in many cases, a given enzjTnatic reacnon can 
be mhibited or blocked by substances which, because of the similarit}^ 
of their molecular structure with that of the normal substrate, can react 
and combme wuth the enzyme, although they are not transformed 
chemically by it Many examples of this type of reacaon can be 
selected from the field of bactenal chemistry For mstance, succimc 
dehydrogenase is inhibited by compounds contaming the group— 
CH2COOH, notably by malomc acid, even though this compound is 
not “activated” by the enzyme It has been shown that this enz-ymanc 
inhibiuon can result m retardaoon or inhibition of ^rowMi when malon- 
ate is added to a bactenal culture prohferatmg m a medium containing 
succinic acid as the sole source of carbon By mhibitmg the oxidation 
of the succinate, malonate depnves the organism of its source of energy 
Although malonate acts as an inhibitor of bactenal gro\\T:h m this sys- 
tem, It is not a cell poison, for it does not act as an mhibitor m sy’stems 
u here a preliminary oxidanon of succinate is not necessary to pro\ ide 
the bacteria with carbon for synthesis 

The theory^ of compendve inhibmon has found its most spectacular 
expression in the discovery that p-ammobenzoic acid can neutralize the 
bactenostanc action of the sulfonamides Sulfamlarmde and p-amino- 
benzoic acid are closely related structurally, diffenng only in the fact 
that the sulfomc group of the former is replaced by a carbox}*! group 
m the latter, this relanon suggested that the sulfonamides oue their 
antibacterial effect to their ability to compete, by turtue of similanty 
m chemical structure, tvith p-ammobenzoic acid m some essential meta- 
bolic reacaon It is not our purpose to examme u hether this theorv of 
“compeaa\e inhibmon” accounts completely for the mechanism of 
acnon of these drugs It is worth menaonmg, however, that there are 
facts which mdicate the occurrence, durmg bactenostasis, of a t\'pe of 
union berw een the aeromaac ammo group of the sulfonamide and some 
structure m the suscepable bactenal cell Thus, when suspensions of 
E coll are treated wuth dilute soluaons of p-ammobenzoic acid, sulfanil- 
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amide, and related compounds, it is found that all the chemotherapeutic- 
ally active sulfonamides have an effect on the electrokmetic mobdity of 
the organism resembhng that produced by the ammobenzoic acid, 
whereas the effect is qmte different in the case of the mactive substances 
related to sulfanilamide TTiese facts suggest that the active drugs behave 
like p-ammobenzoic acid at the bactenal surface and that the association 
of the drug with the organism is a function of the aeromaac amino 
group 

Bacterwstatic versus Bactenctdal Effect It is to be expected that 
this mitial primary reaction which takes place between the growth in- 
hibitor and the homologous substrate (receptor) should in some cases 
be reversible under the proper conditions For example, modifications 
of the acid-base conditions m the environment, removal from the med- 
ium of any excess of the antibacterial agent, addition of substances 
exhibitmg a great affimty for it, should facihtate the dissociation of the 
complex formed between the mhibitor and the cellular substrate, and 
theoretically should restore the cell to a condition where growth again 
takes place 

Indeed, it has been possible m many cases to reverse the action of 
antiseptics commonly assumed to exert a bactericidal action Cultures 
inhibited in their growth by the presence of a basic dye in a medium at 
shghtly alkalme reaction can be caused to grow out by rendenng the 
medium more acidic, thus decreasmg the affimty of the dye for the 
acidic constituents of the ceU Bacteria “lulled’ with mercury can be 
caused to multiply agam following treatment vuth soluble reduced sul- 
fur compounds (O2S, glutathione, thiolactic acid, cysteme, etc ) which 
exhibit great affimty for the metal The phenomenon can be demon- 
strated with particular ease m the case of bactenal spores which, prob- 
ably on account of their slow metabohsm, can regam their viability after 
prolonged exposure to mercury when treated with sulfhydryl com- 
pounds Another remarkable illustration of reversibihty is found in the 
inhibition of growth of yeast and of Lactobacillus caset by a crystalline 
basic protein extracted from wheat Although treatment of these micro- 
orgamsms -svith the protem renders them unable to multiply, growth 
can be remimted by the addition to the system of different phospha- 
ades Smce the basic protem is known to occur m wheat in combina- 
tion with a phosphatide, it is possible that the reversal of antimicrobia 
action by the phosphatide is due to the formation of a lipoprotein whic 
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helps m dissocianng the basic protein from the cell 

Accordmg to these vietts, the bactencidal character of an agent 
depends upon its ability to form with vital groups m the bactenum non- 
dissociable complexes This requirement may account for the fact that 
surface acavity and high molecular \\ eight, two properties which favor 
the formaaon of insoluble or feebly lomzed complexes, are so com- 
monly found in bactericidal agents 

The ultimate effect, bactenostaac or bactencidal, of a given agent 
IS condiDoned by a great \ anety of emnronmental factors among which 
can be mentioned the composition of the medium, its reaction, the 
temperature at which the test is carried out, etc Of obvious importance 
js the nature of the microorganism involved Thus, it is a matter of 
common obsen'ation that many agents are much more bactencidal for 
pneumococci than for streptococci The nature of the microorganism 
influences the outcome of the annbactenal test, not only by deterrmn- 
ing the strength and stabilit^’^ of the combination between inhibitor and 
susceptible cellular substrate, but also because, durmg bactenostasis, 
there occurs withm the cell certam secondar}’- changes which result m 
irreiersible alterauons and therefore, in death The ease with w'hich 
pneumococci undergo autolysis as soon as the medium becomes unfav- 
orable for grow’th and multiplication accounts, m part at least, for the 
fact that many agents \vhich are only bactenostatic for other organisms 
exert upon pneumococci a bactencidal effect The occurrence of sec- 
ondary irre\ ersible alterations durmg bactenostasis may also explam the 
obsenation that the bactenostaac effect of the sulfonamides can be 
com erted into a bactencidal effect by raismg the temperature at w hich 
the reacnon is taking place from 37°C to 40°C It is hkely that, at 
the higher temperature, the rate of the catabohc reacaons is mcreased 
while the compensator^' anabohc reacaons are inhibited by the drug 
The more rapid exhaustion of some reserve substance, or the destrucaon 
of some essenaal structure may be the direct cause of the bactencidal 
effect 

It appears, therefore, that the difference between bactenostaac 
and bactencidal effect is often of a quanataave rather than of a quah- 
taa\e nature It depends upon factors which affect the rate at which 
irre\ ersible alteraaons go on within the mhibited cell, it is condinoned 
by the firmness of the combmation between the toxic agent and its 
“receptor” m the suscepable cell, and by the ease with which the com- 
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bination can be dissociated 

The Effect of Chemothei apetittc Agents on Bactenal Metabobsin 
The statement that a given antibacterial agent combmes with a certain 
type of chemical group in the susceptible cell is not sufHcient to de- 
fine the cell structure and funcaon with which it interferes Thus, 
It IS true that arsemcals and mercurials can combme with reduced 
thiol groups, these groups, however, are so widely distnbuted m the 
cell m the form of cysteme, glutathione, proteins, etc and play a pair 
m so many different metabohc events that the primary effect of the 
drugs on cellular structure or processes is not defined thereby Simi- 
larly, the statement that basic antiseptics become attached to the cell 
at some acidic group does not describe the nature and function of 
the cellular groups which are affected 

As IS well known, the similanty m molecular structure between 
sulfanilamide and its mhibitor p-ammobenzoic acid, has led to the 
formulation of the most widely quoted hypothesis attempting to 
account for the mechanism of drug action It has been postulated that, 
m this case, the bactenostaac action is due to a competition of the 
drug with p-ammobenzoic acid at some vital stage of metabolism m 
which the latter substance is concerned Although there is as yet no 
direct convmcmg proof of the vahdity of this hypothesis, some evi- 
dence for It has come from the subsequent demonstration that 
p-aimnobenzoic is mdeed an essential growth factor or metabolite for 
many species Moreover, mdurect support for the theory of competi- 
tive inhibition has come from the fact that, by modifymg the mole- 
cular structure of substances concerned m normal metabohsm, it has 
been possible to synthesize a great variety of compounds which inter- 
fere with bacten^ growth Among many other examples, it is suffi- 
cient to mention pyndme-3-suLfomc acid, armno-sulfonic acids, thio- 
pamc acid (pantoyltaurme), etc which bear to mcotimc acid, ammo- 
carboxyhc acids, pantothemc acid, etc the same relation that sulfa- 
nilamide does to p-ammobenzoic acid All these sulfomc analogues 
of essential growth factors inhibit bactenal growth, and in all cases 
the mhibinon of growth is reversed by the addmon to the system 
of an excess of the corresponding normal carboxyhc metabohte Of 
special mterest is the fact that one of these sulfomc compounds, thio- 
pamc acid (pantoylthaurme) is capable under the proper condmons 
of behawng as a chemotherapeutic agent against streptococcus infec- 



Mode of Action of Cheniotherapentic Agents 


3 3 


tion, and that this protecave effect is neutralized by pantothenic acid 

The increase in knowledge of the intimate processes of cellular 
metabolism has encouraged the investigation of the mechanism of drug 
action by the classical methods of metabolic chemistr}'^ Many attempts 
are being made to determine, not only the effect of antisepnca and 
chemotherapeutic agents on intermediate metabolism, but also to 
identify more specifically the cellular catalysts and processes which 
are affected dunng inhibition It must be emphasized, however, that 
diere are few agents if any which are so specific in theur action that 
they affect only one cellular structure or funcuon, sulfanilamide for 
example, inhibits the enzyme carbonic anhydrase, but this fact is un- 
related to the mechanism of its acaon on bacteria In other words 
the discovery that a given antiseptic mactivates a certain enzyme or 
metabolic process is no evidence that this particular reaction is the 
one which determines the bactenostaac or bactencidal effect It is 
probably this lack of specificity, this mulaphcity of biochemical ac- 
avmes exhibited by aU antibactenal agents, which has prevented thus 
far the elucidation of the primary reaction which results in inhibmon 
of gro\W:h or m death 

Antrseptrc versus Cheinotherapetitic Agents Granted these funda- 
mental difficulues of interpretauon, the analysis of the effect of anu- 
bactenal agents on the metabolism of susceptible cells has suggested 
a few generalizations concemmg the characters which differentiate the 
ordmary antiseptics from the few substances which retain their ac- 
tivity m VIVO and which can therefore, classify as chemotherapeunc 
agents Alost common antiseptics interrupt immediately and irreversibly 
the metabohsm of living cells, whether it be measured in terms of 
oxygen consumption, production of carbon dioxide, production of acid, 
luminescence or other biological manifestation In fact, measurement 
of the inhibition of these metabohe events has often been suggested 
as a quantitative method for the determmation of antiseptic acaon 
and of the comparaave acaviaes of vanous agents Let us consider on 
the other hand what httle is known of the effect on metabolism of 
some of the few agents which have been found to retain their acavity 
m VIVO There is sail much argument concerning the inamate mechan- 
ism of the acaon of sulfonamides It is certam, however, that these 
drugs do not completely mterrupt cellular respiraaon, bactenal cells 
inhibited in them grovmh cononue to metabolize even in the presence 
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of an excess of sulfonamides Although no quantitative data have yet 
been published concermng the effect of pemcilhn on the metabolism 
of susceptible cells, it has been clearly stated that this drug does not 
affect the respiration of staphylococci The comparative effect of 
gramicidm and tyrocidme is illuminadng with reference to this prob- 
lem Both these substances are produced by cultures of Bacillus brevis, 
both are polypeptides m nature, both exhibit antibacterial activity. 
Tyrocidme is toxic not only for bacteria but also for all types of hving 
cells so far tested and is therefore entirely meffecave m vttra, grami- 
cidm, on the contrary, although toxic for spermatozoa and erythrocytes, 
IS mactive agamst many other types of tissue cells, and among bacteria, 
affects chiefly the Gram-posiave species Interestmg enough tyro- 
cidme, like other common antiseptics, completely and' irreversibly m- 
hibits cellular metabolism, whereas gramicidm permits the mamtenance, 
even though m a modified form, of oxygen consumptidn, of carbon 
dioxide and acid production, and of several other mbtabolic functions 


of even the most susceptible cells 

It appears, therefore, that whereas the typical antiseptic behaves 
as a gross protoplasmic poison, destroymg the general metabohc and 
especially the catabohc cellular mechamsms, most chemotherapeutic 
agents have on the contrary, a very selective effect on some specific 
metabohc steps The nature of the specific steps inhibited ivill un- 
doubtedly vary from one chemotherapeutic agent to another There 
are, for instance, observations which suggest that the primary effect 
of the sulfonamides is on some synthetic, anabohc, process In the case 


of pemcilhn, it is reported that the drug does not m reahty mterrupt 
growth of the mhibited cell but prevents cellular division, with the 
frequent production of giant forms Gramicidm appears to affect an 
energy-usmg process which would normaUy aUow carbohydrate and 
phosphate storage In other words, mhibmon of growth can result not 
only from mterference with the normal phenomena of respiration an 
nutrition, but also from the interruption of some process of syithesis, 
or of some step m cellular division Smce most of the knowledge of 
cellular metabolism available at the present time is limited to the cata- 
bohc processes which hberate energy, it is possible that no complete 
understanding of the mechanism of drug action can be reached untd 
we know more of the methods by which the cell utilizes for grov 
and dmsion the energy which it obtains from nutntion and respiration 
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General Remarks Although the anal) sis of the phenomena of anti- 
sepsis has failed so far to re\ cal the precise nature of their mechanism, 
It has yielded information w Inch pcnnits a more rational statement of 
some of the pracncal problems of chemotherapy 

The fact, for example, that many agents \\ Inch arc cxtrcmclv actu c 
in artificial media lose much of their antibacterial actnitv in 't/to or 
in the presence of animal tissues or fiuids can be anah /cd in terms of 
tliose factors \ihich ha\c been shown to afTect the reaction between 
cell and antiseptic Thus p-aminobcn/oic acid and other substmccs 
which rc\crsc the action of sulfonamides arc produced In manv cells 
and released during tissue brciKdown, and undoubtedU plav a part 
in rendering these drugs less actnc in the presence of exudates This 
subject has been discussed so often m recent times that it need nor be 
restated There is another group of inhibitors of anumicrobial igcnts 
which dcsen'c some mention at the present time It has been obsersed 
that set eral r\j)c.sof phosphohpuN and i few other surf lee letne sub- 
stances arc capable of protecting In mg cells agunst the lethil clTtct 
of the subsetjuent addiiion of mun toxic agents i laet oi pneticil 
importance since ]ihosjiholipids are eommonK present in biological 
materials It is possible that these compounds form inert eonijilexes with 
certain basic antiscjnies, also that they cm exert a proteetne letion 
b> becoming absorbed on the cell surface, perhaps it the \er\ sues 
at w'hich the toxic agents would otherwise become absorbed 

There is still another t>pe of substances whieh ein inhibit mn- 
sepnes and chcmothenpeutic agents, cspecialh at the site ol infceted 
w'^otinds and burns e ha\c emphasi/cd eirlier in this discussion tint 
man)’’ of the antibacterial agents become attached to the parisitic cell 
through a combination of their basic groups w iih acidic cellular radi- 
cals These same basic groups of the antiseptics also, probably combine 
woth the acidic groups exposed at the surface of the tissues, for example 
those of chondroitin sulphuric acid, the carboxylic groups of xanous 
mucoids and of hyaluronic acid, the phosphoric grouji of nucleic acids, 
etc All these acidic groups arc present in complexes of high molecular 
weight, even of colloidial dimension They may form fccbl)'-ioni/cd 
complexes with the basic antiseptics and by binding them it the tissue 
surface, they may render them useless from the antibacterial point of 
view' 

Another fact xvorth considering m analyzing the re.isnns why so 
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many antibacterial agents are ineffective on mfected wounds or bums 
IS that the reaction of these tissues is often more acidic than that of 
the blood It is a known fact, on the other hand, that most antibacterial 
agents become less active as the pH is lowered One may wonder 
therefore whether the problem of infected wounds and bums will not 
demand that attention be dnected toward a class of substances ex- 
hibiting an optimum zone of activity shghtly on the acid side 

It has been pomted out that the common antiseptics and the chemo- 
therapeutic agents seem to differ profoundly with reference to the 
effect which they exert on cellular metabohsm In contrast with general 
protoplasmic poisons, chemotherapeutic agents exhibit selectivity not 
only with reference to the type of cells which they affect but also 
with reference to the metabohc systems or structural constituents ^vlth 
which they react This problem is not only of theoretical mterest, but 
IS also of immediate practical importance Because of the cost and the 
labor involved in animal experimentation, many workers have attempted 
to develop short cut “screening” methods for the rapid evaluation tn 
vitro of new antimicrobial agents These m intro methods often make 
use of inhibition of metabolism as measured by oxygen uptake, pro- 
duction of carbon dioxide or of acid, luminescence, etc It is important 
to realize that, although these techmques would have been successful m 
detecting the gross protoplasmic poisons, they would have failed to 
recognize many substances of chemotherapeutic activity, sulfonamides 
would have been discarded as agents of httle metabohc activity, penicil- 
Im would have been neglected in favor of the countless other phenolic 
compounds and quinones produced by molds, actmomycetes and bac- 
tena, tyrocidme would have been selected m preference to gramicidin 
The need for m intro screening methods in the search for new chemo- 
therapeutic agents is evident It is clear, however, that none of the in 
vitro metabohc methods available at the present time are satisfactory 
The development of new and adequate assay techniques, as well as the 
complete understanding of the intimate mode of action of chemo- 
therapeutic agents, may have to await increased knowledge of the re- 
actions concerned in anabolic metabohsm and in the processes of 
o-roMth and cellular division 
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iLMOi'KoiMn I AMS IS a procedure mtohing the adininis- 
trition of dnigs for the purpose of pre\enting cemm 
infectious diseases in indnidinls or groups of indnidu- 
als The use of this procedure may be indicated ashen 
die probability* of acquiring presentable infection is 
sufficiently great and sshen the hazards of such infection arc of such 
magnitude as to justify die cost In time of ssar the hazards of infection 
m niilitar)’’ personnel arc esaluated in terms of interference ssith the 
mihtar} mission, incidence of crippling disease and dcitli rate The 
militar)' need for mass chcmopropliyla\is ssiiicli has been successfully 
met is the pres cntion or disruption of the training program The cost 
of chemoproph) la\is may be stated in renns of the price of the drutr 
the time of the personnel necessary to supers isc the administration and 
cs'aluatc the results, the difficulties in discipline, and the frequency* and 
seriousness of untoss’nrd reactions Chemoprophy 1 axis ssas first unen a 
place in clinical practice for the pres cntion of streptococcus disease 
and recurrence of rhcuiintic feser in indisiduals ssho had had prcsious 
attacks of rheumatic fever 1 his contribution ssas made indcpcndcnds 
and simultaneously by Doctors Caroline 1 homas> and Als in Coburn = 
Sulfonamide prophylaMs s\ms later used most cfTcctiscIy in the Army 
in prevention of meningitis’’ and, on a small scale, to stop an epidemic 
of scarlet feser ■* The initiation of large scale chemoprophylaxis for 
streptococcus disease in the armed forces ss as again due to the interest 
of tsvo officers in rheumatic fcvcr-Commandcr Alvin Coburn'’ of the 
Navy% and Colonel Paul Holbrook" of the Anny Air Forces, ssho 
independently made use of chemoprophylaxis for the purpose of pre- 

’ AcXnf n'rMX''i”r ■” I nrti>.t.l.t of Tlir Sort 
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venting rheumatic fever m mihtary personnel Stnkmg benefits of mass 
chemoprophylaxis beyond the effects on obvious streptococcus syn- 
dromes were observed m both programs In this discussion we will 
deal with some of the problems and lessons of mass chemoprophylaxis 
as observed m the Navy and Army Aur Forces and then see to what 
extent they may be apphed to the problems of mdividuals 

Teclmtqiije All the large scale programs of chemoprophylaxis have 
used sulfadiazine There is clear evidence that daily admimstration is 
essential and that one dose a day given in the evenmg is highly satis- 
factory One gram daily has been the most satisfactory dose Regular 
admmistraUon of any drug daily to well people requires regimentation 
and organization Responsibility for actual admimstration rests upon 
the officers in command of the mihtary orgamzaaons Adequate safe- 
guards must be set up to see that cheating does not occur 

The Benefits of Mass Chemoprophylaxis The benefits resulting from 
different programs of mass chemoprophylaxis carried out m the armed 
forces have not been of the same magmtude One of the most effective 
programs resulted in the prevention of nine out of ten attacks of scarlet 
fever, five out of six infections of the upper respiratory tract of suffi- 
cient seventy to reqmre hospitalization, virtually all meningococcus 
infecuons, and was effective in prevention of pneumococcus pneumoma 
and gonorrhea The effect of mass chemoprophylaxis on the mcidence 
of rheumanc fever differs from the effects on memngococcus infec- 
tions and scarlet fever It appears that during the first week of a pro- 
gram when the mcidence of scarlet fever and memngococcus mfecnons 
fall precipitously, the mcidence of rheumatic fever may actually be 
increased, but after the first week reduction begms and, if the program 
IS contmued for a month or more, the results are impressively good 
The benefits to be denved from mass chemoprophylaxis m any 
group are related to the need for protecuon, thoroughness with which 
the program is carried out, and the care exercised m the prevention of 
untoward reaction The decision to give protective drugs to a group 
of well people must be based upon an estimate that there is a great 
probabihty that these now healthy mdividuals will acquire a prevent- 
able disease durmg a hmited period m the near future unless protecuon 
IS provided The estimate of danger to the group as a whole is based 
upon what is known to have recently happened to some members of 
the group Prophecy of this sort is a function of the clinical epidemi- 
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ologist who IS guided not by an inner light, but by quanatanve data 
Discussion of the indications for mass chemoprophylaxis is not within 
the scope of this paper It xvill be dealt with authontati\ cly, and on 
the basts of his ow n brilhant work, by Doctor Coburn 

Forms of Streptococcus Disease TIic problems of diagnosis of strep- 
tococcus disease are such as to seriously coinphcitc measures for their 
control Streptococci cause certain highly characteristic sxmdromcs such 
as acute tonsillitis, sinusitis, scarlet fc\er, peritonsillar abscess, acute 
otias media, and pneumonia witli empyema A matter of the greatest 
importance in miiitar}’^ and ci\il practice is the role of streptococci 
in certain nondescript forms of infection of the respirator}* tract— 
nasophai^’ngitis, particularly One of the most imprcssnc effects of 
mass chemoproph) laxis in mihtar}’’ personnel has been the remarkable 
reduction in incidence of disease of the upper respirators* tract sc\crc 
enough to require hospitaliAation It is not possible to sas* definitely at 
present wdiat part the streptococcus plays in this group It is generally 
belieicd that in the great majoritx of instances streptococcus disease of 
the rcspiraton* tract is secondary to some Mrus infection such as com- 
mon cold, measles, or influen/-a It is cncounging to note in passing 
that during December 194^, there was an epidemic of influenza m 
miiitar}’’ personnel Although apprehension was felt, this outbreak was 
accompanied by relatively low incidence nf set ere forms of strepto- 
coccus disease Tins influenza epidemic occurred fortunately, at a 
season when streptococcus disease is rclatncly infrequent and is usually 
mild However this may be, in the light of Anin cxpcncncc in "World 
ar I It w as ven* comforting to ha\ e a\ ailable in this epidemic of 
December 1943 chemotherapeutic agents which arc cfFcctnc auiinst 
the streptococcus 

Cost of Mass Chemoprophylaxis The financiil expense of furnish- 
ing the dnig for programs of mass chemoprophylaxis is insignificant 
The cost in terms of untow ard reactions is a matter of direct concern 
and responsibility to the clinician It is the responsibility of the pin sician 
to weigh die probable benefits of chemoprophylaxis against the Inzards 
of untow’ard reactions From the experience of mass chcnioprophylaxis 
in the armed forces to date, it is clear that the hazards of untoward 
reactions can be kept to an insignificant minimum, but if cnilian and 
military physicians do not familiari/c rhemsehes thoroughly with the 
peculiar dangers of the combination of proph}’-lactic and therapeutic 
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use of sulfonamides, if they are careless in the use of this informaaon, 
disastrous mtoxicanon will occur which may discredit this valuable 
procedure of preventive medicme and brmg down justified cndcism 
of the medical profession Harmful reactions to prophylactic doses only, 
do not mclude renal comphcanons due to crystalluna— the problem is 
entirely one of sensitivity Evidences of a sensitivity reaction may be 
expected m from four to five mdividuals out of each looo These are 
mild reactions and are of httle importance if the drug is stopped soon 
after their appearance Severe reacuons which are dangerous to the 
life of the mdividual may occur m one out of 100,000 mdividuals from 
prophylactic doses only Most sensitivity reactions appear durmg the 
second week of the program The appearance of fever in from turn to 
four hours after a dose of sulfonamide is one of the common mam- 
festaoons of sensitivity Unfortunately, thermometry does not lend itself 
to routine use in large groups of mihtary personnel on a duty status 
With few exceptions, the first distmctive evidence of sensitivity reac- 
tion is the appearance of skin erupaon In 95 per cent of patients show- 
mg skin rash the lesions may be described as morbdhfomi, erythematous, 
urticanal, or papular The rare forms of skm lesions are those of 
photosensinzation, fixed eruption, exfohative dermatitis, and purpura 

Therapeutic Disasters A large percentage of severe sensmvity reac- 
uons which have developed m those receivmg chemoprophylaxis have 
followed the admimsuauon of therapeutic doses of sulfonamides when 
manifestations of sensitivity to the drug were diagnosed as conditions 
for which sulfonamide therapy was beheved mdicated These mistakes 
have been mainly as follows 

1 Fever and chilhness due to sensmvity, but assumed to be caused 
by pneumonia 

2 Scarlatmiform rash diagnosed as scarlet fever Sensmvity rash 
can nearly always be differentiated from scarlet fever by clmical fea- 
tures alone 

3 Tonsillar or pharyngeal lesions diagnosed as acute streptococcus 
infection, when actually a manifestation of agranulocytosis 

Transfusion of mdividuals because of the presence of agranulo- 
cytosis resulting from sulfonanude sensmvity, with blood from a donor 
receiving chemoprophylactic doses of sulfadiazme, has led to reactions 
of extreme seventy The disastrous consequences of therapy ivith sul- 
fonamides of the sort descnbed above can be ehmmated only when 
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physicians acquire the fixed habit of never prescribing sulfonamides in 
therapeuuc doses until they have satisfied tliemselves that the condition 
under treatment does not represent, even m part, a manifestation of 
sensitivity to sulfonamides In every instance fever and skin ras!i should 
be first suspected as due to sulfonamides 

It IS the responsibility of the medical profession, civilian and mili- 
tary, for complete elimination of this group of severe reactions The 
responsibility of civilian physicians must be emphasised, because some 
of tlic severe reacuons have been precipitated by therapy prescribed 
by civilian physicians to military personnel while on furlough 

The following suggesuons are offered as safeguards against serious 
reaction 

I Thorough education of medical personnel as to the nature of 
sensitivity reactions to sulfonamides, and the unique dangers of therapy 
which arise from programs of prevention 

z Each individual before beginning chemoprophylaxis should be 
called upon to report any untoward reaction to previous sulfonamide 
therapy 

3 Responsibility should be placed upon the individual for reporting 
the appearance of rash Individuals who report subjective symptoms 
which follow the administration of the drug, such as flushing of the 
skin, fevenshness, and pruritus, should be checked by thermomctiy 

4 Medical supcmsion should be adequate for early diagnosis of 
sensitivity reaction and elimination of the individual from the program 

5 Determination of the white blood count whenever there is any 
basis for suspicion of agranulocytosis and, in every case, before the 
administration of therapeuuc doses of sulfonamide 

6. If penicillin is available, therapy with sulfonamides should be 
absolutely contraindicated for any individual knoum or suspected to 
have recently received sulfonamide for chemoprophylaxis if he mani- 
fests rash or leukopenia 

Prophylaxis for the Individual Information is not yet available 
which permits evaluation of the extent of protecuon afforded to the 
individual in programs of mass chemoprophylaxis by the drug which 
he himself takes, and the protecuon due to the fact that others in his 
environment arc also receiving the drug It is entirely possible that a 
larger dose would be necessary to protect a single individual in a given 
epidemiologic situation than if all individuals in the group received the 
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drug Furthermore, we must bear m mmd that the studies on military- 
personnel dealt with a highly selected group of young men within a 
narrow age range with a state of physical fitness far beyond that of 
the average civihan population When chemoprophylaxis is attempted 
m mdividuals m poor general health, and particularly m the older age 
group. It IS not unlikely that greater difhculoes may be encountered 
\vith toxic manifestations What prmciples should gmde the practicmg 
physician m the use of chemoprophylaxis for mdividual patients^ We 
would suggest that two considerations are of importance in evaluatmg 
the need of mdividuals for chemoprophylaxis 

1 Membership m a group m which there is an epidemic and when 
mass chemotherapy or chemoprophylaxis is not available No doubt 
there are situations m civihan groups that resemble, in many important 
respects, the epidemic conditions of mihtary life 

2 We should consider the possibihty of givmg protection to those 
mdividuals who are prone to frequent severe disabhng respiratory m- 
fections For example, mdividuals with smusitis, bronchitis or bronchi- 
ectasis are commonly asymptomatic until a common cold ushers in a 
severe mcapacitatmg illness 

The greatest opportumty and responsibihty for the use of chemo- 
prophylaxis m mdividuals is for those who have had attacks of rheu- 
matic fever The evidence is clear that crippling heart disease from 
rheumauc fever is, m the mam, the result of repeated attacks of rheu- 
matic fever and repeated attacks can be prevented by chemoprophylaxis 
The optimum dose for mdividuals has not been established, but i gram 
daily of sulfadiazme is worthy of extensive tnal Close medical super- 
vision IS of the greatest importance during the first four weeks of 
chemoprophylaxis, with a check in leukocyte count and for febrile or 
qkin reactions at least twice a week durmg this penod If sensitivity 
reactions do not appear durmg the penod, it is hnhkely that they will 
occur as long as the drug is taken continuously The desirabihty of 
continuous year-round chemoprophylaxis m such individuals is based 
on three considerations 

1 Taking the sulfadiazine should become a rigid habit, unbroken 
by a summer lay-off 

2 The dangers of sensitivity reaction are gready mcreased by 
intermittent use of sulfa drugs 

3 Although streptococcus disease of great seventy is rare dunng 
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the summer months m most commumties, mild infections sufficient to 
reacavate a rheumatic process are not uncommon The use of chemo- 
prophylaxis in individuals who have had rheumatic fever is obviously 
not for use by the impatient physician who demands a maximum of 
results in the shortest time It requires the greatest understanding of 
the personal problems of the individual, and the greatest capacity to 
persuade the individual to cooperation and sclf-discipline over a long 
penod of time without arousing such anxiet)'- as to counterbalance the 
good effects to be obtained 

Summary We may say that chemoprophylaxis is a new and not 
fully evaluated tool of preventive medicine, but is pro\ cn to ha\ e great 
potentialities for good u hen properly used in groups or for individual 
patients This new technique for use of drugs offers new opportunities 
and forces new responsibilities on the medical profession The use of 
chemoprophylaxis in militar)'^ medicine requires that a physician try to 
master the art of diagnosis and prognosis of infections as applied to 
groups so that it may be prescribed uisch The most direct and im- 
mediate responsibility is for mininii/ing untoward reactions This re- 
sponsibiliH'- can be met when every doctor cn il and mihtar>% familiarizes 
himself with the clinical manifestations of scnsitivit\ to sulfonamides 
when he recognizes potential disaster which may result from mis- 
taking the mamfestarions of sensitnitv to sulfonamides for conditions 
u^hich may be benefited by therapy therewith It is ncccssan’ that 
doctors assume a persistent atatude of intelligent suspicion that clinical 
manifcsrations formerly considered innocuous may now be warnings 
that the patient is susceptible to the greatest harm by the besr-intcn- 
tioned use of an extremely valuable drug 
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ALLOXAN DIABETES 
ITS PRODUCTION AND MECHANISM* 

Martin G Goldner 

Department of Medicine, The University of Chicago 



-^LLOXAN DIABETES IS a Hcw type of experimental diabetes 
It IS a chemical diabetes caused by treatment with an 
organic compound, wbch is related to physiological 
body substances It can be produced in the mtact animal 
{a and in many species Its signs and symptoms are identi- 
cal m many respects with those of human diabetes It is the purpose 
of this paper to describe the production and the patho-physiology of 
this diabetes and to compare its mechanism with that of the various 
other types of expenmental diabetes 

Alloxan has been known for more than loo years, since Woehler 
produced it by oxidation of uric acid It has the following struc- 
ture NH — CO 


CO CO 
I I 
NH-CO 

IS a colorless powder, meltmg at 256 degrees centigrade, and is easily 
soluble m water and alcohol It decomposes on hydrolysis mto urea 
and mesoxalic acid Alloxan reduces to dialunc acid with which it 
acts as an oxidation-reduction system, and its structure is found as a 
constituent part of the flavme molecule It has been found to produce 
profound disturbances m sulfur metabolism, to enhance the endoge- 
nous metabolism of hver suspensions, and to be a capillary poison In 
spite of this, little evidence exists so far that alloxan plays a role in 
physiological processes Uric acid metabohsm, so far as is known, does 
not seem to involve alloxan even as an intermediary product 

The discovery of the diabetogenic action of alloxan is accidental 

* This paper was read on imitation before the Kewr York Diabetes Association September 28 1944 
Much of the matenal presented has been published by the author in the Proceedings of the 
Diabetes Association 1944 and in Endocrinology, October 1944 The work has been supportw by 
grants from the Douglas Smith Foundation of the University of Chicago and from Eh Lilly « 
Company, Indianapolis, Indiana 
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as many other great discoveries in science It is the great merit 
of the Lnghsh pathologist Shaw Dunn, whose recent death put an 
untimely end to a distinguished career, to have observed that alloxan 
had a specific necrosing action on the cells of the islets of Langerhans 
W orlong on the crush syndrome and the effect of ureides on the ladney, 
he and his co-workers made this “side observation” and called attention 
to Its importance Six years earlier, m 1937, Jacobs^ had found that the 
injection of alloxan mto rabbits resulted m an initial hyperglycerma 
which was soon succeeded by a severe hypoglycemia, lasting up to 
eight hours or longer, and terminating with death of the animals unless 
glucose was administered All his experiments, however, were acute, 
and no histological studies were done Dunn, Sheehan and AlcLetchie,” 
noticed again this fluctuation of blood sugar in alloxan-treated ammals, 
recognued its relationship to tlie accompanying anatomical islet cell 
damage and though their rabbits had all died in a few days, sug- 
gested that a sustained diabetes should be the final result of alloxan 
poisoning 

Their report somulated worlc by other investigators, and in only a 
few months, alloxan diabetes was demonstrated in various animal 
species In July, 1943 the produenon of alloxan diabetes in dogs, and 
of transitor>^ hyperglycemia and glycosuria in rabbits was announced 
from our laboratory *' Bailey and Bailey reported on alloxan diabetes 
in rabbits,^ and Shaw Dunn and his group‘d produced alloxan diabetes 
in the rat In the meantime, confirmations and further contnbutions 
have been made by several workers in this countT)’" and abroad ” 

The dtabetogemc doses 

In our laboratory the diabetogenic effect of alloxan has been studied 
in the dog, the rat, the cat, the rabbit, the rhesus monkey, the pigeon, 
and the gumea pig 

Alloxan diabetes can be produced with one single injection of 
alloxan We use freshly prepared unncutralized 5 per cent solution, 
and give it intravenously or intraperitoncally because of its decided 
acidity Neutralization inactivates alloxan, and it decomposes on stand- 
mg Scattered small doses and subcutaneous injections have been used 
also with success 

We define the diabetogenic dose as the amount of alloxan which 
in eighty per cent of the animals of a given species will produce sus- 
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tamed hyperglycemia and necrosis of the pancreatic islet cells, but 
which will not cause observable damage to other organs 


Table I 


Dtabetogentc Doses of Alloxm m Various Species 


Rat 

Rabbit 

Cat 

Monkey 

Dog (dalmatian hound) 
Pigeon 


200-300 mg/kg 1 p 
100-200 mgAg 1 V 
150 mgAg 1 V 
100-150 mgAg 1 V 
50-100 mg/kg 1 V 
125-200 mgAg 1 V 


Table I shows the doses as we have found them for various species It 
must be mentioned, however, that the response of the cat is very 
erratic and that of the pigeon develops other metabolic changes fre- 
quently, which will be discussed later 

The greatest sensitivity and smallest required dose are found m dogs 
Next m sensitivity are monkeys, pigeons and cats, rats and rabbits 
require the largest dose The carbohydrate metabohsm of the dalmatian 
hound and the pigeon, which, like man, do not convert unc acid mto 
allantom, responds in the same way as the ammals do which produce 
allantom from unc acid 

If a dose larger than the diabetogenic dose is given, severe kidney 
damage is produced also, and anuria and mtrogen retention develop, 
and the animals succumb m a few days in a uremic-diabetic syndrome 
Still larger doses are fatal within a few hours, probably because of the 
effect of alloxan on the cuculatory system, there is evidence of acute 
pulmonary edema The margm between the fatal, the uremic and the 
diabetogenic dose is the widest m rabbit, rat and dog, smaller in the 
monkey, and smallest m pigeon, cat and gumea pig In the latter, no 
exact diabetogemc dose could be estabhshed as yet, since degenerative 
lesions in the pancreas were found only m those ammals which died 
\vithm 24 hours after injection of alloxan 


The citmcal course 

T^q^lcal diabetes melhtus will develop about 24 to 28 hours after 
the injecaon of a diabetogenic dose of alloxan The classical signs and 
s>nnptoms of hyperglycemia, glycosuria, polyuna, and polydipsia vuH 
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be present, and very frequently polyphagia and loss of weight In 
some species early ketonuria can be obsen'^ed 

During the first day after the injection, careful obsen^ation and 
supervision are necessary in rabbits and monkeys, lest they die in hypo- 
glycemic convulsions Frequent administration of glucose may be re- 
quired Dogs, rats, and pigeons show less marked initial fluctuations ot 
the blood sugar, and may sunnvc without protecnon by glucose 

Dogs with alloxan diabetes appear well for about two to three 
weeks Their blood sugar remains at a level between 200 and 300 mg 
per 100 cc , and their glycosuria may reach four to seven per cent 
They eat with great appetite and lose little weight during this period 
Glucose tolerance rests shoiv a typical diabetic curv^c, and insulin sen- 
sitivity tests prove that the animals are sensitive to insulin from the 
very beginmng of thetr diabetes 

Under insulin treatment, the dogs remain in good condition for 
many months About one unit protamine zinc insulin per kilo per day 
IS necessary to prevent loss of weight, to maintain normal fasting blood 
sugar, and to keep the urine free or almost free of sugar If the dogs 
remain untreated for more than two or three weeks, they stop eating, 
lose weight rapidly, appear weak, listless and drowsy, and are very 
susceptible to infections Tins condition is accompanied by the de\ clop- 
ment of hyperlipemia and fatty degeneration of the liver, a phenomenon 
which may be of importance for the problem of lipocaic, since— as 
will be shown later— the alpha cells remain intact in alloxan diabetes 
The diabenc symptoms vety seldom show spontaneous improvement, 
and usually persist until death occurs in complete emanciation at six 
to seven weeks 

Monkeys have a very high blood sugar and marked glycosuria 
following the initial hypoglycemia, ketonuria is present vety early 
The monkeys look sick and depressed, become emaciated rapidly, and 
go into acidosis This is remarkable since monkeys Avho have been 
pancreatcctomized do not always develop severe diabetes 

Rats, too, show a rapidly progressing diabetes and die in ketosis and 
acidosis in six to nine days if untreated Out of a senes of 27 rats, vdiich 
we injected with alloxan, only four did not develop diabetes All the 
others showed marked glycosuria and hyperglycemia within 24 to 48 
hours The blood sugar reached values of 300 to 500 mgm per cent 
On the third or fourth day, ketonuria appeared in those animals whose 
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blood sugar was higher than 300 mgm per cent Most impressive was 
the polyuria the daily urmary output often exceeded 10 per cent of 
the body weight The weight loss averaged 30 per cent m six days 
Insuhn treatment controls this alloxan diabetes 

The alloxan diabetes of the rabbit also responds to insuhn therapy, 
but Its course m the untreated rabbit may take two entirely different 
forms 

Some animals react, as do dogs, rats and monkeys, and lose weight 
rapidly, become seriously emaciated, and die withm a week Them blood 
sugar level is between 400 and 500 mg per cent, and there is a 5 to 10 
per cent glycosuria 

Another gronp of rabbits respond with similar levels of blood and 
urme glucose, but after an imtial shght weight loss seem to recuperate 
and regam them weight, appearing m excellent health Such animals 
survive without ins ulin treatment for months, despite the severe diabetes 
and are apparently capable of compensating for the loss of glucose m 
the urme by mcreasmg them food mtake 

A few rabbits may give the impression of chmcal cure of the dia- 
betic condition, the blood sugar returns to normal, the urme is sugar 
free, but a persistently decreased glucose tolerance test remams to 
mdicate ,the diabetes 

Of great mterest is the development of systemic changes usually 
considered secondary to diabetes The great susceptibility to infections 
has been jnentioned before Of greater importance is the development 
of cataract which has been observed first by Bailey” and of retimtis 
which was reported by Lewis It seems, however, that other factors 
besides the diabetes may contnbute to these eye complications They 
are not found m all alloxan diabetic animals, and have not yet been 
observed m our laboratory So far we have no explanation for this 
surpnsmg fact 

Pigeons which after total pancreatectomy usually do not develop 
hyperglycemia and survive mdefimtely, respond to alloxan injection 
vTth an elevation of the blood sugar to 400 or 500 mg per 100 cc 
They appear sleepy, weak and drowsy, and sit with them eyes close , 
makmg no attempt to move or fly, and die m this stupor Death, how- 
ever, may not be due to the diabetes alone, many of the ammals develop 
a very mterestmg second condition, which has been known for a long 
time as visceral gout The blood unc acid content shows a marked 
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increase to loo tunes the initial level and at autop^, the pencardium 
and other serous membranes are found to be covered with sodium 
urate crystals, the ludneys are infiltrated with the same matenal 

The histological changes 

Only a few remarks on the histological changes after alloxan treat- 
ment, which will be dealt with m detail m the following paper by 
G Gomon The pancreatic changes are practically identical in all 
species mentioned and are characterized by a selective necrosis of the 
beta cells, as has been shown first m our laboratory, not of the whole 
islet system Whereas the beta cells undergo rapid degeneration and 
disappear finally completely, the alpha cells remam undamaged, at least 
retain their normal staimng property The beta cell necrosis proceeds 
without any sign of inflammatory reaction In dogs the pancreatic ducts 
usually show a characteristic vacuolization Of e\tra-pancreatic changes, 
the glycogen deposition m the kidney, accompanying pronounced gly- 
cosuna, and the necrosis of the convoluted tubules are of importance, 
the latter occurnng only if amounts larger than the diabetogenic doses 
have been given The fatt^'' infiltration of the liver, which is most mark- 
ed m the dog, has been mentioned before How rapidly the islet cell 
necrosing action of alloxan starts and how quickly alloxan is made in- 
nocuous or removed from the blood stream could be demonstrated re- 
cently in the following, not yet published, experiment \^''e depnved part 
of the pancreas of its blood supply by means of a clamp, which was re- 
leased five mmutes after the injection of alloxan Biopsies were taken 24 
hours later from both parts of the pancreas and showed that the islet 
cells appeared essentially normal where the circulation had been inter- 
rupted for five minutes only, and that the rest of the pancreas which 
had had normal blood supply had undergone the tjqncal beta cell 
degeneration 

The mechcmisni 

If the degeneraoon of the beta cells leads to deficient insulm pro- 
duction and thus to diabetes, bioassays of the pancreatic tissue should 
reveal changes in the insulin content Assays were carried out on the 
pancreas of three dogs with alloxan diabetes of a duration of 18, 30, 
and 60 days In all three, the msulin content of the pancreatic tissue 
was markedly decreased Whereas the pancreas of a normal dog con- 
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tains about 2 to 3 'units of insulin per gram, only 14 of this amount 
was recovered from the alloxan-treated organs This seems to be con- 
clusive evidence that alloxan diabetes is a true pancreatic diabetes and 
IS the result of msulin deficiency This experiment has found confirma- 
tion recently in the work of Ridout, Ham and Wrenshall 

How does alloxan exert its effect upon the islet cells^ 

Let us recall the early blood sugar fluctuation after alloxan first 
a short-lasting hyperglycemia, then a transitory hypoglycemia which 
m the rabbit frequently requires treatment with glucose, and finally 
the sustamed diabetic hyperglycemia What is the cause and the sig- 
nificance of these three phases^ We shall discuss first the hyperglycemia 
as a whole, then the mioal hyperglycemic phase alone, and finally the 
hypoglycemia It is known from the surgical diabetes after partial pan- 
createctomy, as well as from antenor pitmtary diabetes that the imtial 
hyperglycemia precedes the islet cell degeneration and that diabetes 
wiU not develop if the hyperglycemia is prevented by starvation, msulm 
treatment or phlorhizm mjection Here the hyperglycemia is a causal 
factor of the ensumg diabetes 

In alloxan diabetes such protection is not possible The diabetogemc 
process 'will take its course regardless of whether the miaal h3qpergly- 
cemia is prevented or not Alloxan affects the islets cells directly 

In a senes of experiments which can only be summarized here, we 
have been able to show that treatment with phlorhizm as well as treat- 
ment with iDsuhn will prevent the mitial alloxan hyperglycemia, but 
m spite of the normal blood sugar level the islet cell degeneration will 
develop Two dogs were treated for a period of ten days with phlor- 
hizm, on the eighth day they received a diabetogemc dose of alloxan 
Diabetes developed as if no phlorhizm had been given Another dog 
was given msuhn together ivith and four days foUowmg the mjecaon 
of alloxan As soon as msulm treatment was discontmued, a marked 
h)q)erglycemia and glycosuna became evident Diabetes had developed 
as if no msulm had been given Insulm treatment was renewed after a 
few days The same dose was sufficient for diabetic control, there was 
no change m the sensitivity to msuhn When after a week msuhn was 
stopped, the diabetes became ewdent again, and a biopsy of the pancreas 
revealed islet cell degeneration to the same extent as m animals not 
treated vnth msuhn at all 

Nov the early hyperglycemic phase If msulm is injected together 
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wath alloxan— either as a mixture mto the same vem, or separately mto 
different vems— no initial hyperglycemia M'dl develop in the rabbit 
The hypoglycemic phase, however, is of the usual severity, and dia- 
betes results as if alloxan alone had been given The fact that msuhn 
prevents the initial hyperglycemia argues against the possibility that 
the mechanism is one of msuhn inhibition This possibihty was ruled 
out further when we found that insulm was not mactivated by alloxan 
in vitro It seems, therefore, likely that the initial hyperglycemia is not 
due to lack of msuhn, but to mobihzation of extra glucose Such gly- 
cogenolysis might be produced by the hver under the influence of 
epmephrme As a matter of fact, Young and his associates” were able 
to reproduce the imtial alloxan blood sugar curv^e by the injection of 
adrenalin and msuhn mto normal rabbits We subjected this hypothesis 
to experimental test by the injection of alloxan mto functionally or 
anatomically adrenalectomized rabbits The adrenals were extirpated 
surgically or the medulla was destroyed by mtramedullar)'^ injection 
of formahn A diabetogenic dose of alloxan was given immediately 
after the removal of the second adrenal or nvo days after the formalin 
injection In no instance did any marked mmal hyperglycemia develop 
All animals went mto severe hypoglycemia and m the few sunuvmg 
animals diabetes developed It can be concluded from this experiment 
that adrenal stimulation of gluconeogenesis is involved in the produc- 
tion of the initial alloxan hyperglycemia This conclusion is supported 
by the evidence of histological changes m the adrenal medulla im- 
mediately after alloxan mjecnon given by Hard and Carr ® 

The second phase of the blood sugar reacnon to alloxan, the hypo- 
glycemia, was ongmally interpreted as a result of an msuhn-hke effect 
of alloxan itself Were this true, the blood sugar of depancreatized 
animals should fall m response to alloxan We gave diabetogenic doses 
of alloxan to depancreatized dogs and also to rabbits which previously 
had been rendered diabetic by alloxan No lowering of the blood level 
could be noted m either group The presence of a normally functioning 
pancreas, therefore, seems to be necessar)’- for the occurrence of the 
hypoglycemic reaction, and it would appear that alloxan changes glu- 
cose metabolism through its effect on the pancreatic islet cells This 
conclusion is further substantiated as well by the work of Corkill 
Fantl and Nelson,’^ who found that alloxan did not influence the blood 
sugar level of the eviscerated cat, and by Ridout and his co-workers 
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who worked on depancreatized dogs 

If the hypoglycemia is brought about by the effect of alloxan upon 
the pancreas, it may be caused either by islet cell stimulation or by the 
release of stored insuhn from the degeneratmg cells The first view, 
put forth by Dunn and his co-workers,^’'' suggests that mcreased islet 
cell activity and overproduction of msuhn may overstram the cells 
and cause their subsequent failure and degeneration The experimental 
evidence, however, seems to favor the second possibdity, and we believe 
with Young and his co-workers® that the hypoglycemia is the first sign, 
rather than the cause, of the developmg necrosis We base our behef 
on the foUowmg evidence 

1 Beta cell degeneration precedes the hypoglycemia In histologi- 
cal studies on rabbits and dogs we have found that begmnmg degenera- 
tion of the beta cells is demonstrable as early as one hour after mjecdon 
with alloxan It precedes the hypoglycemia which usually develops 
only after four to five hours 

2 It is impossible to separate the hypoglycemic effect from the 
diabetogemc action Whenever hypoglycemia develops, diabetes fol- 
lows if the animal survives 

The ^ectficrty of alloxan 

A few words must be said about the remarkable specificity of 
alloxan as a diabetogemc agent Dunn and his co-workers® had found 
that not only aUoxan but also a qmnohne compound (styryl-qumohne 
No 90) produced islet cell necrosis m rabbits They tested several 
other compounds as oxahc acid, uramum, quamdme and unc acid, and 
found that none of them had a diabetogemc or islet cell necrosmg effect 
Earher Jacobs^’ ^® had found that none of a senes of more than sixty 
chemical compounds produced the fluctuation of the blood sugar level 
which IS charactenstic for early response to alloxan No alloxan-hke 
action was found m a senes of compounds tested by Thorogood We 
have tested three groups of substances compounds which are chemi- 
cally related to aUoxan, such as dialunc acid, the reduction product of 
alloxan, and alloxantm, which is formed by mteraction of alloxan and 
dialunc acid, oxidizmg agents, which were tested on the assumption 
that alloxan may owe its effect to its oxidizmg property, and qmnohne 
and cmchophen as relatives of styryl-qumohne, which is not available 
on the market These substances were mjected m vanous doses m dogs 
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and the blood sugar level as well as the histological appearance of the 
pancreas v'^ere followed None of them exhibited any diabetogemc ac- 
tinty though several of them proved to be very toxic The specificity 
of the diabetogemc action of alloxan, therefore, remains unexplamed 
It seems, however, unlilcely that its oxidizmg property is the diabeto- 
genic factor 

Comparison with other forms of experimental diabetes 

In a comparison of alloxan diabetes with other forms of expen- 
mental diabetes it must be pointed out once more that the diabetes of 
alloxan poisomng is the result of direct damage to the beta cells This 
chemical diabetes thus differs significantly from the surgical diabetes 
of partial pancreatectomy and from the endocrme diabetes of treatment 
with anterior pirmtary extract (APE diabetes)-^’"- though all three have 
m common the degeneration of the beta cells This difference can be 
summarized as follows 

1 Both surgical and APE diabetes are considered to be due to 
ovenimrk of the beta cells smce they can be prevented by starvation 
or by insuhn m the early stages of the disease Alloxan diabetes is the 
result of direct action upon the islet cells and cannot be prevented 
either by starvaaon or by insulin 

2 The pitmtary extract has to be administered m mcreasmg doses 
over a period of several days, while alloxan is effective m a smgle dose 

3 Some species, as for mstance, rats, can be made diabetic by APE 
only after extensive resection of the pancreas, while alloxan is effective 
in the mtact animal 

4 APE diabetes m its early stage is msuhn-resistant while alloxan 
diabetes is not 

5 The histologic changes m APE diabetes are mitoses, degranula- 
tion and vacuohzation of the beta cells with subsequent atrophy and 
hyaline changes In alloxan diabetes the changes are those of an irre- 
versible acute degeneration, without vacuolization or fibrosis 

It must be emphasized further that alloxan proved to be diabetogemc 
even in those species m which total pancreatectomy is not always 
followed by severe diabetes 

What the significance of alloxan diabetes may be for the patho- 
genesis of human diabetes must be left for further mvestigation What- 
ever the outcome may be, it can be stated already that we have found 
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m the diabetogenic action of alloxan not only new means to study 
disturbed carbohydrate metabolism but also a previously unknown 
mechanism which causes beta cell degenerauon and diabetes through 
the toxic effect of an orgamc compound related to protein metabohsm 

Therapeutic implications 

Fmally, attention should be called to a climcal implicauon Brun- 
schwig^^’^^ has suggested that the islet cell-necrosmg property of alloxan 
might be of use m the treatment of hyperinsuhsm and islet cell tumors 
He gave alloxan to a few patients with moperable carcmoma and to 
one patient with metastatic islet cell tumor The chmcal results which 
we observed with him were not very striking, and the histologic 
changes m the islet cells were surpnsmgly shght The observations, how- 
ever, are too limited to pemut conclusions as to the advisabihty and 
effectivity of such treatment The fact that many ammal species have 
been found sensitive to the islet ceU-necrosing action of alloxan makes 
it likely that man will be no exception In any case, the remarkable— 
and almost umque— fact of the specific action of a chemical compound 
on a highly differentiated specific cell system deserves greatest mterest 
and thorough exammation 
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Dr Paul Klemperer, Pathologist, The Mt Smai Hospital, New York 
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THE COMBINED USE OF ANTI-INFECTI VES 
AND ANTICOAGULANTS IN THE 
TREATMENT OF SUBACUTE BACTERIAL 
ENDOCARDITIS*!** 


Leo LoE^YE 



^HE subject of subacute bacterial endocarditis requires few 
introductory remarks before an audience of The New 
York Academy of Medicine Smce 1906 and culmmatmg 
with the pubhcadon of his monograph^ m 1941, Emanuel 
Libman has described the chmcal syndrome m all of its 
ramificaaons and clearly dehneated the difficulties imposed upon the 
therapeutic attack, he established the fact that the disease, with few 
exceptions, was of streptococcal origm, he demonstrated, as far back 
as 1910, that It was possible to obtam positive blood cultures m 73 of 
his first 75 cases, he astutely assumed that the portal of infection was 
“about the teeth or then roots, the tonsils and accessory smuses or 
other parts of the upper respnatory tract,” he stressed the importance 
of the previously existmg valvular defect, whether acquned or con- 
gemtal, as a predisposmg factor m the production of the disease, he 
descnbed fully the usual and the bizarre pathological changes asso- 

* Presented at the Seventeenth Graduate Fortnight of The New York Academy of Medicine, October 
18 1944 

t From ihe TJepartment of Medicine and the Department of Laboratones, Jewish Hospital, Brooklyn, 
N ^ A ded by gronts from Friends nf ilir Hospital and the Dazian Foundation for Medical Research. 
Published concurrently in the Canadian Medical Association Journal 
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ciated with the disease, he emphasized, throughout his chmcal thesis, 
the pathognomomc features particularly referable to the eruptive 
phenomena, changes m skm color, the frequent embohc comphcadons 
and the wide range of forms m which the disease might masquerade 
Early m the course of his studies, Libman recognized that severer 
forms of the disease occasionally progressed to spontaneous recovery 
and estimated that this happy outcome was encountered m at most three 
to five per cent of the a ffli cted, he also recognized that there was a 
milder or bactena-free stage of the disease m which the patient might 
not be seen until recovery had occurred Emanuel Libman noted that 
an occasional recovery was reported usmg any one of a vanety of 
chemotherapeutic or physiotherapeutic modahaes With his usual per- 
spicacity, he cautioned that the lack of consistent effect from any one 
given remedial agent suggested that the isolated “cure” may have been 
more likely an instance of the spontaneous recovery that is occasionally 
noted m the severe forms or an example of the milder bactena-free 
syndrome 

Emanuel Libman’s monograph concludes with the statement of the 
status of therapy m 1941, m his own words, I quote, “at the present 
time, therapy m subacute bactenal endocarditis remams unsatisfactory 
A chemotherapeutic agent more effective on the streptococcus 
viridans than any at present available is needed and may be found, 
The future looks more' promismg than ever before ” 

It IS my purpose this evemng to add a chapter to Libman’s mono- 
graph, we shall present data which indicate that combmed therapy 
using an anti-infecuve agent and an anticoagulant produced what ap- 
pears to be chmcal cure m approximately 75 per cent of a consecutive 
senes of 54 unselected patients 

Laboratory Data 

The basis of the present chmcal mvestigation is dependent upon 
experimental thrombotic bacterial endocarditis as it was produced in 
the rabbit m collaboration with my colleagues Rosenblatt and Lederer ^ 
This work mdicated that fibrm and blood elements served as an im- 
penetrable bamer to effective chemotherapeusis, the offendmg organ- 
isms, lying deep m the vegetation, were well protected from circulating 
anti-infective agents To accomplish disappearance of vegetations, the 
combmed use of a smtable chemotherapeutic agent and an anticoagulant 
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was required Heparin was successfully employed, m these experimental 
animals, to arrest the deposition of blood platelets and fibrm which 
served as a protective mdus and as a stimulus for bacterial growth, 
relatively fresh, artificially induced thrombi m the animal could be 
dissipated foUowmg the use of the anacoagulants In corroboration of 
the experimental mvestigations, were observations obtamed from hu- 
man post-mortem material which mdicated that heparm has a possible 
erosive effect on endocardial vegetations® 

Evolution of the Clinical Studies 

The attempt to translate expenmental mvesdgaaon mto terms of 
chmcal therapeusis was at first disappomtmgly unsuccessful The m- 
travenous administration of heparm was fraught with danger and the 
expense was prohibitive m many instances Whether given by con- 
tmuous venoclysis or fractional mtravenous mjection, heparm therapy 
was cumbersome, accompamed by severe reactions and associated with 
treatment deaths m altogether too many instances to justify its con- 
tmuance ^ To overcome these shortcomings, a special method® was de- 
vised for the subcutaneous deposition of the drug, through adoption of ' 
the Pitkm menstruum, composed of gelatme, dextrose, glacial acetic 
acid and water m defimte proportions, which was developed to regu- 
late the rate of release of water-soluble drugs mjected mtramuscularly 
or subcutaneously By this techmque, a slower and more equable ab- 
sorption of heparm was accomplished 

When this portion of the clmical techmque had been solved, a com- 
bmed attack was maugurated usmg the sulfonamides m association with 
the heparm A group of seventeen patients with subacute bacterial en- 
docarditis was treated but there was no more than two apparently 
authentic “cures”— insufficient to justify the conclusion that a specific 
therapeutic result had been obtamed beyond what might be noted 
with the occasional spontaneous cure or the development of Libman’s 
bacteria-free state Nevertheless, the two successful issues were sufficient 
to justify a contmued project^ more particularly smce one of the 
necropsied cases showed an apparent dimmution m the size of vegeta- 
tions which were smaller and more discontmuous than might have 
been anticipated 

With the mtroducaon of pemcilhn therapy, we were sufficiently 
fortunate to obtam supphes through the courtesy of Mr John L Smith 
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Tahle I 

USE OF HEPARIN IN PENICILLIN ASSAYS 

Experiment ^I (1-4-44) 


ml PentctUtn 

mff Hepann 

mg Hepann-0 U 

Series-Dilution 


Solution 



ratio in 10 ml 

Test Results 

A 

9 

+ 

0 6 in 1 ml H,0 

0 6 mg/1,120 OU 

124 OU/ml 

B 

9 

+ 

2 Q « (( « (( 

10“ “ “ 

146 “ “ 

C 

9 

+ 

60 “ “ “ “ 

6 0“ “ “ 

146 “ “ 

D 

9 

+ 

10 0 “ “ “ “ 

10 0 “ “ “ 

124 “ “ 

Contro' 

9 

+ 

1 0 ml H,0 


126 0 U /ml 




Experiment ^2 

(1-8-44) 



ml Penicillin 

mg Hepann 

mg Hepann-0 U 

Senes-Dilution 


Solution 



ratio in 6 ml 

Test Results 

A 

5 

+ 

05 m I ml HO 

0 6 mg/640 OU 

128 OU/mL 

B 

5 

+ 

2 0 (( « « (( 

10“ " “ 

128 “ “ 

C. 

5 

+ 

50 “ “ “ “ 

6 0“ “ “ 

186 “ “ 

D 

6 

+ 

10 0 “ “ “ “ 

10 0 “ “ “ 

128 “ “ 

Control 

6 

+ 

1 0 ml H,0 


128 OV /ml 


of the Charles Pfizer Company and later, also, through the cooperation 
of the Committee on Penic illin Therapy of the National Research 
Council under the aegis of Dr Chester S Keefer The techmque was 
modified by the replacement of sulfonamide with pemciUm, contmua- 
tion of subcutaneous depositions of hepann was made possible by the 
cooperation of Ralph D Shaner and Leo Pirk of Roche-Organon, Inc , 
which company gratmtously furnished all hepann preparations 

As a preliminary to the mauguration of pemcilhn-heparm therapy, 
experiments were devised to determme the effects of hepann on solu- 
tions of pemcilhn The data (Table I) mdicated clearly that the anti- 
coagulant had no measurable effect on the anti-infective potenaahaes 
of the pemcilhn, mdeed, there was some suggestion of possible synerg- 
ism or potentiation 

Dosage Schedule 

The administration of hepann and the determination of optimum 
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Table II 

TREATMENT STATISTICS— SUMMARY 


Dosage 

PenidHin sodium salt (Oxford imits) 


Range 

Low Stgh 

Daily dosage 40,000 to 1,000,000 

Total dosage 867,000 to 48,980,000 

Heparm sodium salt (milligrams) 


Total dosage 


400 to 11,600 


COURSES OF PENICILLIN— HEPARIN THERAPY 
Number of courses required tn each case of the successfully treated group 


No of courses 

No of Patients 

1 

27 

2 

8 

8 

4 

4 

1 


Total 40 


dosage are easily gauged by the tilt-tube Lee White modification of 
Howell’s method® for determining blood coagulation time A readmg 
of 30 to 60 mmutes is regarded as satisfactory evidence of an effectual 
anticoagulant leveL Coagulation tunes above one hour are wasteful of 
the drug and may mdeed be hazardous, particularly if the clotting tirr^ 
IS prolonged to ttvo or more hours Effectually to heparinize the blood, 
necessitates subcutaneous deposits of 300 mg every second or third day 
or approximately 200 mg dady of the aqueous commercial product 
when mcorporated m the venoclysis Hyper-reactors require lesser 
amounts of heparin and hypo-reactors need additional dosage 

The estimation of pemcilhn dosage presents greater difficulty and 
requires the cooperation of the laboratory Probatory sensitivity tests 
must be done on the offendmg organism In general, the causative 
agents are inhibited withm the dilutions of o 007 to 5 Oxford umts of 
pemcilhn per cc of test broth Under these circumstances, the daily 
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dosage of penicillin (Table II) varies from 40,000 to 1,000,000 Oxford 
umts, total mdividual umtage may range between the low of 867,000 
and a high of 48,930,000 Oxford units It may be observed paren- 
thetically, as a tribute to the nontoxicity of the presently available 
preparations of pemciLhn, that the latter amount could be introduced 
without significant toxicologic phenomena 

At the outset, through limitations m the supply of pemcilhn, an 
effort was made to reduce the span of treatment to an absolute minimum 
so that material might be available for as many patients as possible 
Originally, a two week course of treatment was projected and was 
actually found adequate for the accomplishment of the disappearance 
of early endocardial lesions Unfortunately, this two week course alone 
was insufficient for patients who had been ill for longer periods of 
time and a three week course was regarded as essential for those who 
had been ill for two to four months, a four week course was beheved 
necessary for those who had had the disease for more than four months 
It IS our present opimon that our current practice of a five week course 
must be made the standard minimum when the supphes of pemcilhn 
justify treatmg the mdmdual patient m optimum fashion Additional 
courses are given whenever necessary and are well tolerated Multiple 
courses are not uncommon m the advanced cases 
1 Based on pemcilhn-sensmvity tests, it appears that an average daily 
1 dose of at least 200,000 Oxford umts is required Increased dosage or a 
more prolonged span of treatment is necessary for patients who are de- 
tenorated, or who show severe chmcal manifestations of bactenal activ- 
ity such as embolization, marked splenomegaly and violent temperature 
reacuons Additional factors that enter mto the deterimnation of the 
dosage level are the sensitivity of the offendmg organism to pemciUin 
and the capacity of the patient to develop and maintain an adequate 
level of the anti-infective agent in the blood ^ To be therapeuacally 
effective, penicilhn blood levels must be far m excess of the in vitro 
bactencidal requirements, the best climcal results are achieved when 
f the average umtage of pemcilhn is sufficient to develop and maint^ 
\ a blood serum level of five to ten tunes the sensitivity figure Inade- 
quate dosage mvites treatment failure and the organisms may acquire 
* resistance that is so high as to render future therapeutic levels virtuaUy 
unattamable In at least one mstance, we observed a forty-fold increase 
' m the resistance of the organism to pemcilhn 
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COMPARATIVE EFFECTIVENESS OF FRACTIONAL INTRAMUSCULAR 
PENICILLIN THERAPY VERSUS CONTINUOUS VENOCLYSIS 


Total Daily Dosage = 
Gbaph I 



XI 60 90 120 

Tim* Ifi HlmiUt 


Ket 

Patient A C #39, Successfully 
treated 

000000 — Sensitivity of Organism 

— Intravenous Penicillin Level 

— Intramuscular Penicillin Level 


240,000 Oxford Units 


Graph II 



Tlmt la tlauio* 

Ket 

Patient S G #69, Refractory case 

000000 — Sensitivity of Organism 

— Intravenous Pemcilbn Level 

— Intramuscular Penicillin Leiel 


Graph I— Patient A C —Streptococcus ilndans inhibited by 0 06 OU per ce 
test broth Daily continuous intravenous of 240,000 0 U of peniciUm achleied blood 
level of 0 3 per ce of serum 20,000 OU gnen intramuscularly every Uo hours 
(totallmg 240,000 OU per day) attained the mtraienous blood level for only a small 
fraction of the treatment period During the latter part of the two hour period there 
was no detectable amount of penicillm in the blood serum This patient responded 
satisfactorily to one three n eek course of penicillin, 240,000 O U daily by continuous 
9 enoclysis with heparin in sufficient amounts to maintam coagulation time between 
80 and 60 minutes 

Graph II— Pafienf S G —Streptococcus viridans inhibited by 06 OU per cc. 
test broth (very resistant type) Neither contmuous mtravenous nor fractional intra- 
muscular administration of penicillin in daily dosages of 240,000 O U achieved thera- 
peubc levels It was impossible to attain satisfactory levels eien when the pemcilhn 
was stepped up to 1,000,000 OU per daj This case was extremely refractory to 
treatment 


The Technique of Treatment 

It IS our custom to devote the first few days of therapy to the deter- 
mination of pemcilhn levels folloAving intramuscular and mtravenous 
administration of the drug Durmg this probatory period, heparm is 
withheld primarily to obviate any dislodgement of loosely attached 
vegetations 

Our experiences mdicate that mtravenous mjecoon of pemcillm is 
decidedly the method of choice, mtramuscular mjecdons result in the 
attainment of a higher peak which cannot be mamtamed and which is 
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Tabm III 

REACTIONS OCCURRING DURING THERAPY— SUMMARY 



Clitlls and 
Fever 

Fever 

Local 

Patn 

Regional 

Angiitis 

Regional 

Adenopathy 

Urticaria 

Vesicular 

Eruptions 

Penicillin 

Intravenous 

Rare 

Rare 

0 

Frequent 

0 

Occasional 

Occasional 

Penicillin 

Intramuscular 

0 

0 

Common, 

degree 

Variable 

0 

Occasional 

0 

o 

Heparin 

Subcutaneous 

0 

Common 

Common, 

degree 

Variable 

0 

Occasional 

o 

o 

Heparm 

Intravenous 

0 

Common 


0 

O 

O 

o 

Penicillin 
and Heparin 
Combmed 

Not 

Uncommon* 

Common 

Uncommon 

Occasional 

Uncommon 

Occasional 

Occasional 


* Cnusabve factor (s) not clear 


followed by a proiRpt and abrupt decline so that, for a sizable fraction 
of the treatment day, the blood is virtually free of detectable amounts 
of pemcilhn (Grdph I, II) In contrast, the mtravenous mjection pro- 
duces ^ constant and sustamed level Only rarely, when the patient is 
m congestive failure so that the additional mtravenous administrafaon of 
the bulk of flmd seems more than the circulation can mamtam, do we 
resort to intramuscular mtroduction, at the earhest possible moment 
then, we revert to the contmuous mtravenous drip employing minimum ^ 
amounts of diluent In all mstances, when available, Rmger’s solution ^ 
is employed as the vehicle, the patient is placed on a salt-poor mtake 
and heparin is deposited subcutaneously as soon as the preliminary 
steps have been completed 

Accessory therapeutic measures include the use of high caloric, high 
vitamm diets, supplementary multivitamm preparations, the use of 
hematmics m hberal dosage where there is anemia and the resort to 
frequent transfusions when indicated The latter require temporary 






































Treatment of Subamte Bacterial Endocarditis 


67 


interruption of heparinization and hence are postponed, if possible, dll 
the terminadon of treatment 


Toxicity 

Reacdons to treatment (Table III) occur frequently Those of 
mmor importance mclude chills, fever, local pam, regional angutis, re- 
gional adenopathy, urdcana and vesicular erupdons 

Febnle reacdons are rather common and may be ascribed to a 
variety of factors There are the obvious pyrogenic factors such as air- 
borne contammants This is controlled by usmg sterisol bottles and 
penodic refngeradon The subsdtudon of viscose mstead of rubber 
tubmg ehrmnates a small fracdon of reacdons but does not justify its 
umversal use The mcidence of troublesome regional anguds with its 
attendant ngors and sharp rises m temperature can be reduced by 
changing veins and apparatus every 3-4 days Wherever possible a vem 
about the wrist or forearm is used to allow freedom of movement 

Thrombophlebids seldom occurred m our heparinized padents even 
when this was a troublesome comphcadon of the early pemcUlin era 
Elaborate immunologic tests done with early crude and progressively 
purer products of pemcilhn have failed to ehcit any mstance of allergy 
m any of our padents despite muldple courses of mtensive and exten- 
sive therapy 

Febrile reacdons due to heparm are frequent, for the most part due 
to excessive andcoagulant acdvity These are overcome readily by the 
mere withdrawal of the drug One padent under combmed pemcillm- 
heparm therapy developed climcal mamfestadons of sensidvity to 
heparm Attempts to resume the conjomt therapy were followed by 
episodes of chiUs and fever, the last one bemg associated with general- 
ized urdcana Intracutaneous tests were negadve to pemcilhn but gave 
a moderate reacdon to heparm He has smce received as much as 
1,000,000 Oxford umts of pemcilhn daily mtravenously for some weeks 
vnthout untOAvard reacdons 

Urdcana has, at nmes, been troublesome, mostly post-therapy, and 
IS almost mvanably attnbutable to pemcdlm 

Results of Therapy 

The results of therapy (Table IV) of subacute bactenal endo- 
carditis, usmg the combmadon of the intravenous mtroducdon of the 




68 


THE BULLETIN 


Table IV 

RESULTS WITH PENICILLIN-HEPARIN IN SUBACUTE BACTERIAL 

ENDOCARDITIS 


Total No of Cases (Consecutive and Unselected) j 


64. 

100% 

Duration of illness prior to Penicilbn-Heparin 
Therapy (Weeks) 

1 to 78 

i 


Penicillin sensitivity of causative organisms 
(Oxford Units) 

0 007 to 0 6 



No of cases in which therapy was successful 


40 j 

74% 

Patients Living 

87 



Patients Deceased — Other Causes 

8 



Post-Therapy Period of Observation (months) 

2 to 16 



No of cases in which therapy faded j 


14 j 

26% 


Tabu: V 

ANALYSIS OF FACTORS IN FAILURES OF PENICILLIN-HEPARIN 

THERAPY— SUMMARY 



No of 
Cases 

Percentage 

1 Patient Factors 



a. Cardiac fadure 

4 

286 

b Cerebral embolism 

8 

214 

c. Inanition 

1 

72 

d Intercurrent infection 

2 

14 8 

2 Organism-Resistant 

8 

214 

8 Reinfection 

1 

72 

Total 

14 

100 0 


anu-infecuve agent and mostly subcutaneous implants of the antico- 
agulant, have been tabulated according to the records of 54 consecutive 
and unselected patients Many of our patients were m pitiful condition 
when therapy was maugurated In certam mstances, congestive failure 
had reduced them to the pomt where any form of therapy was asso- 
ciated with considerable hazard Other patients were in the ulcerative 
phase of the endocardial disease and were throwing olf emboh from 
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friable and necrotic vegetations Despite the precarious manifestauons 
of many of the afflicted, we had no choice other than to inaugurate 
therapy, since refusal was tantamount to the imposition of a death 
sentence Had we chosen to treat only those patients in the earlier 
stages of the disease and to ehmmate diose vnth manifestations of cir- 
culatory failure, ulcerative lesions, and embohe complications, a con- 
siderably higher mcidence of favorable accomplishment might have 
been recorded 

As the records now stand, 54 patients were treated by combination 
of anti-mfective, anticoagulant therapy The duration of illness prior 
to treatment varied from one to seventy-eight weeks, the pemcilhn 
sensitivity of the etiological organism varied from o 007 to o 5 Oxford 
units, sensitive to resistant Fourteen, or 26 per cent of the group are 
recorded as failures, 40, or 74 per cent may be regarded as satisfactory 
results In the latter group, 3 7 of the 40 are alive and many have resumed 
useful occupations, 3 have died of other causes In the group of treat- 
ment failures, there have been 13 deaths from progressive circulatory 
failure, coronary occlusion, embolization and lobar pneumoma, or a 
total of 16 fatahties in the original roster of 54 cases 

Treatment Failure 

Treatment failure may be attributed to patient factors, refractonness 
of the organism or reinfection with the same or another stram of 
streptococcus 

Of the 14 treatment failures (Table V), it is our opinion that 10 
might be attnbuted to mabihty of the pauent to vnthstand the ravages 
of the infection and to utilize the fuU benefits of combined anti-infec- 
tive, anticoagulant therapy At least 4 of the patients suffered from cir- 
culatory failure, 3 encountered cerebral embohzations, i had profound 
inamtion and 2 had mtercurrent infections, notably, lobar pneumoma 

A second cause for treatment failure m 3 patients was the refrac- 
toriness of the orgamsm In unreported studies (Table \T) made by 
J M Sherman of Cornell University, an attempt was made to estab- 
hsh a correlation betu^een streptococcus tj'pmg, pemcilhn sensitivity 
and the clinical response In our senes of 54 patients, Sherman worked 
with 13 different orgamsms and estabhshed the presence of three dif- 
ferent species Three patients, infected with a prewously umdentified 
streptococcus, w'^ere resistant to therapy and aU three succumbed The 
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Table VI 

VARIETY OF STREPTOCOCCUS AS A POSSIBLE INFLUENCE ON 

PROGNOSIS 

Preliminary Report on Work m Progress 
(Kmdness of Prof J M Sherman, Cornell Umversity) 


Causative 

Organism 

No of 
Cases 

Treatment 

Successful 

Reinfection 

1 

Fatal 

Outcome 

Streptococcus sp 

1 

4 

0 

1 

1 

8 

1 

Streptococcus imtis 

7 

6 

0 

1 

Streptococcus bovis 

2 

2* 

0 

0 

Total 

13 

1 

8 

1 

4 


Streptococcus sp Apparently a new and distinct variety of streptococcus Strains 
belonging to this variety show rather homogenous cultural and biochemical reactions 

Streptococcus mxtxs The common throat viridans streptococcus 

Streptococcus boms Similar to so-called “Bargen streptococcus” 

• One of these patients, N M — Case 82, subsequently died of heart failure. No evi- 
dence of bacterial activity at autopsy 


blood of 7 paaents disclosed a Streptococcus mitis, apparently more sen- 
sitive to pemciUm smce 6 of the y recovered and there was but one 
fatality, the remainmg two victims were infected by Streptococcus 
bovis and one of these recovered while the other died Significantly, 
the autopsy on the fatal Streptococcus bovis mfecnon revealed evidences 
of a healed endocarditis 

The last treatment failure m a survivmg patient is an mstance of 
remfection with another strain of streptococcus Studies by J M Sher- 
man mdicate that the orgamsms recovered from the blood stream during 
the mmal and subsequent attack are different This suggests that the 
patient was cured of his disease, but not necessarily immunized to sub- 
sequent bacterial mvasion The origmal stram is Streptococcus sahvanus, 
whereas the more recent stram is significantly the umdentified strep- 
tococcus found, as previously menaoned, only m patients who were 
resistant to therapy It will be especially interesting to observe the re- 
sponse to the current course of treatment 
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Deaths 

In the senes of the 54 ongmal patients, there were 16 deaths Thir- 
teen of the deaths occurred m the group of treatment failures as previ- 
ously indicated, three of the fatal issues occurred in those who had 
been satisfactorily treated The autopsies of two of the satisfactorily 
treated patients have afforded an mterestmg msight into the disputed 
problem of a temporary sterilization of the blood versus actual cure 
Evidence in favor of actual cure is afforded by the descriptions of the 
heart valve as recorded in one mstance by E S Maxwell of the Good 
Samaritan Hospital m Sterlmg, Kentucky, and in the other by J W 
Denton and A F Heyl of the New Rochelle Hospital 

Case—NM (Graph HI), age ay, feiiiale Subacute bactenal endo- 
carditis, 12 weeks, Streptococcus vmdans (pemciUm sensitivity 0031 
O U ) chrome rheumatic cardiovalvular disease, aortic, aphasic on 
admission due to cerebral embolus, responded weU to one 23 day 
course of pemcilhn-heparm therapy, developed mtractable congestive 
heart failure which resisted aU therapy, blood stream sterile for more 
than SIX months until death Maxwell reports, in this case, that the nght 
aortic cusp was almost completely destroyed and replaced by short 
fibrotic stubs A congemtal aneurysm was present near the ongm of the 
aorta It was Maxwell’s opimon that death was due to cardiac failure 




Fig 1 — Aortic Valve — Note stump-shaped cusp which is fibrotic and 
completely endothelialized 


Fig 2 — Stump of Aortic Cuip — (Higher magmflcation) note that 
there is no evidence of acb\e mflammation or any indication of bac- 
terial activity 
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Graph IV 


with marked visceral passive congestion Histologic study showed fib- 
rosis and hyalinizaaon of the aomc stubs with no evidence of bactenal 
inflammation (Fig i, 2) 

Case—} K (Graph IV), age 55, female Subacute bactenal endo- 
carditis, 28 weeks, Streptococcus viridans, chrome rheumatic cardio- 
valvular disease, aortic and mitral, two courses of pemcUhn-hepann 
therapy, 14 and 28 days respectively, discharged from hospital m mild 
congestive heart failure which progressed unfavorably, climcal be- 
havior same as Case N , blood stream sterile for more than three 
months until death In this case autopsied by Denton and Heyl, they 
reported that there was a shredded, partially calcified antenor cusp 
of the aortic valve \vith marked msufficiency of the orifice The heart 
was hypertrophied and dilated There was severe chrome passive con- 
gestion of the viscera It was the opimon of the pathologist that death 
was due to congestive heart failure and there were no histological evi- 
dences of active bactenal endocarditis (Fig 3, 4) 

Interpretation of autopsy findmgs and the evaluation of gross 
pathological phenomena mvite a discussion also of the significance of 
embolization occumng dunng the course of treatment It is a well- 
established fact that embohzation is a common comphcation of suba- 
cute bactenal endocarditis, but embolization has also been attnbuted to 
hepannizanon, pamcularly m the presence of thrombotic vegetations 
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Fig 8 — Aortic Valve — Note the dense fibrotic character of the stroma and central frag- 
mentation of the connechve tissue Note that tlie surfaces are completelj endothehalized 

Fig 4 — Mitral Valve Nodule — Note composition of moderately cellular fibrous tissue. There 
IS no evidence of active inflammatory change 


Takle VII 

GROSS EMBOLIC im'OLVEMENT OF THE CENTRAL NERVOUS SYSTEM 


Time Of Occurrence With 

Respect to Penicilltn-Heparin Therapy 

Number 
of Cases 

Successfully 

Treated 

Fatal 

Outcome 

Before treatment 

4 

4 


During treatment 

3 


8 

After completion of treatment 

1 

1 


Totai 

8 

5 

8 
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on the heart valves To clarify this point, we have charted (Table 
VII) the relationship of embolization to therapy m eight of our pa- 
tients In four, embohc phenomena were present before the maugura- 
oon of treatment and four of these patients were successfully treated 
Three patients m the first 30 of the senes of 54 cases had embolization 
dunng treatment and succumbed These are mcluded among the treat- 
ment failures It may be more than fortmtous that smce mtroducmg a 
probatory 3 day course of mtramuscular pemcilhn treatment, there has 
been no mtra-therapy cerebral embolization In only one mstance has 
there been a post-therapy embolization and that occurred m a patient 
who made a splendid recovery both from the infection and from the 
hemiplegia that resulted from the vascular occlusion From these figures 
It would seem fair to conclude that pre-treatment embolization is not 
a contramdication to the mauguration of anticoagulant, anti-mfective 
therapy and that embolization occurring dunng and foUowmg treat- 
ment IS more likely a manifestation of the continued progress of the 
underlymg disease than a result of the utilization of the anticoagulant 

Satisfactory Results 

We have recorded 40 satisfactory results of whom 37 patients are 
still ahve, many havmg resumed their normal activities The most recent 
patient has been observed for only two months, but the oldest member 
of the group was discharged from the hospital fifteen months ago In 
the favorable mstance, the temperature falls to a normal level, the patient 
expenences a sense of well-bemg though, naturally, the mechanical de- 
formities of the heart valves result m varymg degrees of diminution m 
cardiac reserve As m the mstance of fatahties and treatment failures, 
the outcome of therapy is dependent upon patient and organism fac- 
tors Those patients who are seen soon after the onset of their bac- 
tenemia, who have relatively small vegetanons, who do not suffer from 
ulceraove endocarditis or cuculatory failure have the optimum chance 
for cure, provided that their mfecnon is by a pemcilhn-sensitive or- 
gamsm The second vanable, so clearly dehneated by Sherman’s studies 
(Table \T), deals with the variety of mfectmg organisms Apparently, 
mfection ivith Streptococcus mios or bovis carries a considerably more 
favorable prognosis than an mvasion caused by the special strepto- 
coccus which IS presently bemg subjected to searchmg mquiry by 
Sherman The accomplishment of a favorable outcome m approximately 
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Figure 5 

Figure 6 

WEEKS 1 
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V 


GnAPH V 

LI 

Figure 7 

Fig 5 — Aneurysm of Sinus of Valsalva viewed from abo\e. Note severe ulcerative lesion 

Fig 6 — Aortic and Mitral Tlirombo-Ulcerative Endocarditis Note extensive mjomalacla 
cordis, especially on cut surface. 


Fig 7 Myomalacia Cordis — Gross fragmentation of the myocardium 
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3 out of every 4 patients leaves no doubt that the beneficial results ob- 
served m this unselected senes cannot be attnbuted to spontaneous 
recovery The seventy of the mamfestanons of the disease m our group 
of patients precludes the possibihty that we have been dealing with the 
bactena-free stage of the subacute streptococcus endocarditis syndrome 

Prophylaxis 

Consistent with Libman’s observauon concerning the possible portal 
of entry in the upper respiratory passages and the teeth, we have m- 
cluded m our treatment program the ehmmation of foci of infection 
before permittmg the patient to leave the hospital To prevent a recur- 
rence of exacerbanon of the bacteriemia, pemcilhn is admmistered par- 
enteraUy and topically before and after the eradication of the focus 

It may be possible to illustrate the general pnnciples which have 
been established through a concrete study of mdividual case records 

A ANALYSIS OF FAILURE 

1 Example of Therapeutic Failure due to Patient Factors 

Case— MR (Graph V), age 47, male Subacute bactenal endo- 
carditis, 6 weeks. Streptococcus \mndans, chrome rheumaac cardio- 
valvular disease, aorac and mitral, discontinuous therapy for 12 days, 
severe myocardial embarrassment, pulmonary and cerebral emboliza- 
tion, progressive downhill course, death from circulatory failure (Fig 
5, 6, 7) 

2 Example of Failure due to Organism Factor Infection auith 
Streptococcus sp (Table VI) 

Case—PL (Graphs VI, Vll, VIII), age 21, male Subacute bac- 
tenal endocarditis, 56 weeks, Streptococcus viridans (pemcilhn sen- 
sitivity 0015 to 025 OU) chronic rheumatic cardiovalvular disease, 
aortic and mitral, three courses of pemcilhn-heparin therapy with but 
temporary improvement, treatment suspended October 31, 1943 for 
lack of material, resumed four months later with intensive massive medi- 
cation, therapy mterrupted because of extra-cardiac comphcations 
which caused death despite total of 48,930,000 Oxford umts given m 
six courses, organisms recovered after successive courses displayed m- 
creasmg resistance to pemcilhn as sho^vn m laboratory assays and re- 
flected by the lack of chmeal response, confirmatory autopsy findmgs 
were “thrombo-ulcerative mitral and aortic endocarditis, with lesions 
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predominantly aortic Valve stenotic and insufficient Chrome cardiac 
failure with accumulation of flmd m body cavities and passive con- 
gestion of viscera Death due to ruptured esophageal varices Long 
standmg case with resistant orgamsm ” 

B CO-EXISTENT RHEUMATIC VIRUS ACTIVITY 

Pemcilhn treated patients are apparently susceptible to virus infec- 
tions, due probably to disturbance of protective barriers by the drug 
Reactivation of rheumatic virus m successfully treated patients with 
subacute bacterial endocarditis may be explamed on the same basis 

Case—E W (Graph IX), age i6, female Subacute bactenal endo- 
carditis, 8 weeks. Streptococcus vindans (pemcillm sensitivity 0015 
O U ) , chrome rheumatic cardiovalvular disease, aoruc and mitral, one 
17 day course of pemcilhn-heparm therapy sterilized blood stream, 
cononued low grade temperature and elevated ESR, post-therapy, due 
to persistent rheumatic virus activity uncovered by successful therapy 
of SEE, confirmatory electrocardiographic findmgs of protracted 
rheumatic virus activity, culmination in severe rheumatic pericarditis 
with effusion six months post-therapy, development of hydro-pneumo- 
pencardium and its subsequent disappearance portrayed radiographic- 
ally, despite all this no recurrence of bacterial endocarditis, blood stream 
sterile for over nine months, weight gam of 14 pounds, hemoglobm 
82 per cent, ESR 40 mm/hr, contmued active rheumatic suspect 

It was an mterestmg observation to note that the rheumatic virus 
contmued to operate despite the presence of sufficiently high pemcilhn 
levels to eliminate streptococcal vmdans bacteriemia This and kmdred 
observations tend to pomt up the recently reported expenences of the 
Army and Navy®'® which attest to the resistance of rheumauc vmis 
to anti-mfective agents 

C FAILURE WITH PENICILLIN ALONE— SUCCESS WITH COMBINED PEN- 
ICILLIN-HEPARIN Seven such instances to date 

Case-FR (Graph X), age 43, female Subacute bactenal endo- 
carditis, 1 2 months. Streptococcus non-hemolyticus, chrome rheumatic 
cardiovalvular disease, aortic and rmtral, on fracnonal mtramuscular 
pemcillm therapy for 10 months totalhng almost 9 milhon umts with 
but transitory sterilization of blood stream, referred by M H Dawson 
and W Goldring for pemciUm-heparin therapy, one course mterrupted 
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after 3 weeks because of apparent peniciIlin-heparin sensitivity, strik- 
ing progressive clmical improvement, no clmical or laboratory evidence 
of bacterial activity for over 10 months despite comphcating upper 
respiratory infection, prophylactic oral surgery 

Case—TK (Graph XI), age 22, male Subacute bactenal endo- 
carditis, 3 weeks, Streptococcus viridans (pemcilhn sensitivity o 03 
O U ) , congemtal cardiac lesion, recovery from subacute bactenal en- 
docarditis 2 years ago foUowmg sulfonamide-fever therapy, two courses 
of pemcillm per se, totallmg 19 milhon Ovford umts meffective for 
present reinfection, one five week course of pemciUm-heparin, ivith 
lower dosage of pemcilhn, successful, no chmcal or laboratory evidence 
of bacterial activity for over 2 months 

D COMPARATIVE RESPONSE OF PATIENTS TO THERAPY 

Case-LL (Graph XII), age ^3, female Mt Smat Hospital (cour- 
tesy of B S Oppenheimer) Subacute bactenal endocarditis, eight 
weeks. Streptococcus viridans (penicillin sensitivity o 03 O U ), chrome 
rheumatic cardiovalvular disease, mitral stormy course characterized 
by ngors, spikmg temperature, continuous mtravenous medication im- 
possible because of congestive heart failure necessitating dehydration 
measures, temperature immediately post-therapy asenbed to rheumaac 
virus activity, prompt response to sabcylate therapy, infected dental 
foci removed, no chmcal or laboratory evidence of bactenal activity 
for over 7 months, present weight 1 24 pounds, hemoglobm 80 per cent, 
ESR 7 mm/hr 

Case- A C (Graph XIII), age sp, male Subacute bactenal endo- 
carditis, 3 weeks. Streptococcus vmdans (pemcilhn sensitivity 006 
O U ) chrome rheumatic cardiovalvular disease, mitral therapy well 
tolerated, uneventful course apart from regional lymphangitis, no 
chmcal or laboratory evidence of bacterial activity for over 5 months 
Prophylactic oral surgery 

Case—HT (Graph XIV), age 2j, male Subacute bacterial endo- 
carditis, 24 weeks, Streptococcus vuidans (pemcillm sensinvity 006 
O U ) chrome rheumaoc cardiovalvular disease, aortic and rmtral, in- 
tensive sulfonaimde therapy meffective, admitted for pemcilhn-heparin 
therapy, advanced case, deteriorated, glomerulonephritis, hemoglobm 
45 per cent, marked febrile response after 14 days therapy, ividespread 
simultaneous embolization to brain, lungs, spleen and kidneys due ap- 
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parently to fragmentation of vegetaGons, prompt cessaoon of embolic 
phenomena and abrupt defen^escence foUowmg suspension of therapy- 
after 17 days, second and third courses of pemcilhn and hepann well 
tolerated, compare pemcilhn reqmrements with pre\nous cases, pro- 
gressive climcal improvement, no climcal or laboratory evidence of 
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bacterial activity for over 6 months, renal findmgs negative, prophy- 
lactic oral surgery, weight gam of 28 pounds, present hemoglobin 98 
per cent, ESR 6 mm/hr 

Case—HC (Graph XV), age ^2, female (case # 6 of original 
senes^°), Subacute bacterial endocarditis, Streptococcus hemolyticus, 
3 \veeks, chrome rheumaac cardiovalvular disease, aortic, widespread, 
almost lethal embolizations, prompt, dramatic response to penicilhn- 
heparm therapy, progressive chnical improvement and negative blood 
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ac. 


WEEKS I 2 3 4 



GnAPII I 


cultures, 14 months, present weight 163 pounds, hemoglobin 94 per 
cent, ESR 7 mm/hr Has resumed work as a pnvate secretary for past 
SL\ months 

Case~G C (Graph XVI), age loYz, male Pauent with Pneumo- 
coccus-type 33 endocarditis referred by Robert E Gross of Boston and 
B S Denzer for sterilization of the blood stream prior to operaoon 
on a patent ductus arteriosus, ill with chills and fever for 3 weeks prior 
to admission, no response to sulfonamides, progressed favorably fol- 
lowing a short course of therapy and was sent home clinically mtII, 
temperature chart shows graphically the spectacular response, hyper- 
pyrexia attributed to overwhelming destruction of organisms and con- 
sequent liberation of bactenal proteins, when last seen over nine months 
post-therapy gained 23 pounds, hemoglobin 104 per cent and ESR 3 
mm/hr 


COXCLUSIOXS 

A review of these illustrative cases permits of the follo^Mng con- 
clusions 

1 Age and sex have no bearmg on the outcome of therapy 
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2 The type of organism (apart from the so-called Streptococcus 
sp , Table VI) is immaterial to the outcome of therapy, provided it is 
inhibitable by pemcilhn withm practical limits (0007 to 025 Oxford 
umts) 

3 If the patient is m good physical condition, the duration of the 
disease less than three months, and the causative organism sensitive to 
pemcilhn, a satisfactory result may be anticipated, barrmg accidents, m 
virtually every case * 
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PENICILLIN AND SULFONAMIDES IN 
THE TREATMENT OF OSTEOMYELITIS 
AND PYOGENIC ARTHRITIS' 

J \l 111 UT Ivl ^ 

< in r ! I fn'^r » f * r ^ur f ^ 

W -s ' inv ^ n It ivf t tt\ I \ ( \\f I it r 


introiiuction niul 'i\ nhl>ilit\ , (iiM of the sulfomniidcs 
S a tnd now of penicillin, justifies t considcntmn of the 

K JL a trcitinent of both iciitt nnd chronic p\ ogenic infections 
a S hones nnd joints in the light of our present Knoul- 

SasHSHsasBSZSa edge I his is heemsc some of our ]mc\ lous mcws on 
this subject ln\c been tnoihfied b\ the fi\orible results which we 
ln\c obscr\cd in the use of these mtibiotic tgents llowcecr it is 
rcnhxcd tint our Knowledge is still ineotujilete nnd tint future obsere 1- 
nons or the introduction of new nntibiotic igents nn\ modif\ the 
methods of treitment whieh will be described m this jnper It is ilso 
to be noted tint this discussion is limited to infections in which the 


pyogenic stiphs lococci nnd streptococci arc the offending organisms 
and these comprise the great nnjoritx of the cases m both civil and 
militir)' practice 

Of the various sulfonamide-s now av uhblt sulfnthn/ole is the druu 
of choice m the treatment of osteomv iliiis bet uise it is more letive 


agiinsr st.iphv loeoeci than are the others md it is ilso elTeetive igunst 
strejnoeoeei Stitisties mdie ite tint m jntients with osteomvehtis over 
two V ears of age ‘■t ijihv loeoeei are the euisuive igeiit in over 00 
per cent of the cists md in infants thtv ire the tiusmve igent m 
about 50 |ier ce'iit \Imosi ill of the rtiinindtr ire due to strtptotoeei 
Sulfuha/ine and sulfmien/me have eeriiin ulvmtiges m tint tliev 
are better tolertted bv some pttienis, but these ilrutis ire not is effeetivc 
as sulfathn/ole m st ijihv loeoetie infections C'onseipientU . in this piptr 
onl^ sulfathn/ole will lie mentioned md it will be issumed tint if this 


dnig IS not tolerated either sulfuln/ine or sulf imtr.i/ine nnv be used 
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In comparing sulfathiazole and pemciUm we find that the latter is 
a more potent antibacterial agent agamst staphylococci and strepto- 
cocci, It IS effective agamst a wider variety of orgamsms, and its toxicity 
IS so low that durmg its admmistration the possibihty of toxic effects 
need not be considered It has the disadvantage that it is not always 
available, it is expensive and it is not effective when taken by mouth, 
but must be admimstered intravenously or intramuscularly or apphed 
locally It IS excreted rapidly and if effective concentration is to be 
mamtained m the blood it should be given by contmuous intravenous 
drip or by mtravenous mjections at two-hour mtervals or by intra- 
muscular mjections at three-hour intervals 

Sulfathiazole has the disadvantage that it is not as powerful an 
anobactenal agent as pemcilhn and that toxic reactions are frequent and 
must be watched for while the drug is bemg taken These can be 
mimmized by mamtaimng a large fluid intake and admimstermg thia- 
mme chlonde It has the advantage that it is available, is relatively 
cheap and is effective when taken by mouth It can also be used locally 
and as the sodium salt it can be used mtravenously 

Both penicillm and sulfathiazole act directly on the bacteria and 
the drug must come m direct contact with the bactena m order to 
exert its therapeutic effect For this reason these drugs are most effec- 
tive against organisms m the blood stream or in areas of ceUuhas where 
there is an abundant circulation m close proximity to the bactena 
In such areas the drug can diffuse into the infected tissues and reach 
the bactena in sufficient concentration to exert its effect The drugs 
are relatively impotent agamst locahzed mfecnons which are surrounded 
by avascular scar tissue or bone or by a zone of ischemia In lesions of 
this type the mamtenance of an adequate concentradon of the drug in 
the blood stream will not stenlize the focus because the drug does not 
enter the focus m sufficient concentranon to destroy the bactena 
It IS thus evident that they are especially useful m sepocemia and 
m spreadmg mfecnons m the soft nssues and bone, but frequently fad 
to cure or even to favorably affect the course of chrome infections 
which are well walled off and isolated from the blood stream How- 
ever, when the bacteria m chrome foci become aenve and break through 
the zone which walls them off and begm to mvade the surroundmg 
tissues these drugs may stop the spread of the mfecdon and reduce 
the focus to Its former chrome state Both drugs are strongly bacteno- 
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staac and even bactericidal when apphed locally and for this reason 
local and systemic treatment should be combined when possible Fortu- 
nately, pemcilhn and the sulfonamides are not antagonistic and may 
be used locally or systenucally m combmation or one drug may sup- 
plement or supercede the other without decreasmg the effectiveness 
of either FmaUy, occasional staphylococci are resistant to either or 
both sulfathiazole and pemcilhn 

Treatment of Acute Hematogenous Osteomyelitis 

This IS an acute infectious disease which is characterized by a pyo- 
genic focus m a bone and usually this is the most important lesion 
There is a vanable amount of mvolvement of the adjacent soft tissues 
and the bacteria may be present m the blood and metastatic foci may 
develop Untd it is proved otherwise, it may be assumed that the 
etiological agent m every case is a staphylococcus or a streptococcus 
and treatment should be mstituted as early as possible on this basis 
without waiting until the etiology is proved by culture Fortunately, 
with the exception of a specific antitoxm for staphylococcic toxemia, 
the measures at our disposal are effective against both organisms 

The disease vanes greatly m severity It may pursue a relatively 
mild course and even heal spontaneously without treatment or it may 
be fulmmatmg m character and the patient may even die of the gen- 
eralized infection before the local lesion m the bone can be diagnosed 
chnically Fortunately, these cases of fulmmatmg septicemia from an 
obscure focus m a bone are very rare In the average case the patient 
is quite sick with high fever, mild septicemia and a defimte and recog- 
nizable lesion m the mvolved bone In the past the mortahty was about 
25 per cent and a large percentage of the survivors were affhcted with 
chrome osteomyelitis and the cripplmg which may result from this 
disease By physiological treatment combined with local rest and care- 
fully apphed surgery we were able not only to reduce the mortahty 
to about 10 per cent, but to lessen the mcidence and seventy of the 
sequelae of the acute disease 

With the advent of the sulfonamides we had, for the first time, an 
agent which, when administered systenucally, was effective against the 
causative organisms The more recent discovery and avadabdity of 
pemcilhn places m our hands a safer and more powerful annbactenal 
agent It is thus evident that our treatment must be revised Even 
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before the discovery of the sulfonamides there was a defimte trend 
towards less precipitate and radical surgery and more physiological 
care of the patient 

Some observers considered acute osteomyelitis a systemic infecaon 
of which the local lesion in the bone was only an unimportant part 
and advised against surgery I considered the focus in the bone the 
cause of the toxemia and septicemia and thought that this focus should 
be drained as early in the disease as the operation could be performed 
with safety, that is, as soon as the condition could be diagnosed and 
the patient could be gotten in smtable condition for the operation 
(Key^’ ^ It IS not surprising that some observers now advocate 
chemotherapy alone and not only think that surgery is harmful (Baker, 
Schaubel and Kuhn'^), but have also discontinued immobihzation of 
the extrermty (Hoyt, Davis and Van Buren'’) 

The objectives of treatment are to save the hfe of the patient, 
prevent spread of the local disease, clear the blood stream of bactena, 
stenhze the focus in the bone, promote heahng of the infected and 
damaged tissues and mamtam or restore the health of the patient 

Smce the effectiveness of pemcilhn and the sulfonamides vanes 
directly with the abihty of the blood stream to carry the drug to the 
bacteria, it is important that the treatment with these drugs be instituted 
as early m the disease as possible, even before the diagnosis can be 
made if the patient is seen that early This is in order that the drug 
may reach the bacteria before extensive necrosis of bone and soft 
tissue occurs and they become separated from the blood stream by a 
wide and relatively impermeable zone of necrotic and inflammatory 
tissue In a child with fever, localized tenderness, pam and loss of 
function m one extrermty, acute hematogenous osteomyehds or pyo- 
gemc arthntis should be suspected and the patient should be given a 
full dose of suLfathiaozle immediately and hospitalized as soon as pos- 
sible The suLfathiazole should be continued until the symptoms subside 
or treatment with pemcilhn can be mstituted or a diagnosis of some 
condition which is not amenable to this treatment is made Localized 
joint or bone tenderness, muscle spasm, swelling, heat, redness and 
fluctuation confirm the diagnosis, but treatment should be instituted 
before these signs appear This is not scientific medicine and will cause 
the drug to be adrmnistered to a few patients m whom it is not mdi- 
cated but I beheve that it will do httle harm and may abort many 
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cases of osteomyelitis 

Unfortunately, m the great majonty of instances the nature of the 
disease is not suspected unul the lesion m the bone is well advanced 
When the paaent is first seen by the surgeon or enters the hospital 
he has a high fever, is toxic and dehydrated and exhausted by pam 
and lack of sleep 

When this patient enters the hospital he should be given a sedative 
if necessary and subjected to a careful, but gentle physical exarrunation 
m order to determine the nature, location and severity of his disease 
Flmds should be given by mouth and physiological salt solution which 
contains 5 per cent glucose should be admmistered intravenously until 
the dehydration has been corrected Blood should be taken for culture 
and for matchmg for transfusion A white blood cell count, differenml 
count, red blood cell count and estimation of the hemoglobin should be 
done and the urme exarmned 

If pemcilhn is immediately available a full dose (5,000 to 20,000 
units) should be given mtravenously or mtramuscularly as soon after 
admission as possible and the mtramuscular admimstration of from 
2,000 to 15,000 umts should be repeated every three hours until im- 
provement is noted Then the dose may be decreased In some clmics 
the pemcilhn in amounts of from 60,000 to 100,000 umts m 24 hours 
is given by contmuous mtravenous drip to very sick patients 

If pemcilhn is not immediately available, a full dose of sodium 
sulfathiazole should be given intravenously if the patient is very ill (5 
to 30 grains) or sulfathiazole by mouth and its admimstration by mouth 
or mtravenously if necessary m full doses every three hours should be 
contmued until improvement or toxic manifestations justify a reduction 
m the dosage or until pemcilhn is substituted Wlide the patient is taking 
sulfonamides the urme should be exammed daily and the urmary output 
mamtamed 

If facilities are available for determmation of the level of the drug 
m the blood, this should be done and the dosage of sulfathiazole and 
fluid intake so balanced that a level of from 4 to 6 mgm per cent is 
mamtamed But the flmd mtake should not be restncted m order to 
raise the level of the drug m the blood This may lead to increased 
toxicity from the infection and from the drug Robertson’^ gave from 
4 to 9 grams of sulfathiazole daily to children and it is to be noted 
that children are more tolerant of the drug than are adults 
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The affected limb should be immobilized m a large hot wet dress- 
mg with a splmt or traction if necessary This dressmg should not be 
changed, except for exammation of the part Its prmcipal functions 
are to reheve pain and immobilize the extremity Frequent change of 
the hot wet dressmg defeats both of these objectives If it is covered 
with waterproof matenal the body heat of the patient will keep the 
dressmg warm or hot water bags may be apphed around it 

If the patient is anemic a small transfusion of from loo to 250 cc 
of blood should be given and this should be repeated daily until the 
aneima is corrected He should be given large amounts of vitamm B 
and C as long as the disease is active 

In some dimes (Bakeff) staphylococcus antitoxm is given to com- 
bat the toxerma when this is mdicated by a marked shift to the left m 
the differential count of the white blood cells I have had little expen- 
ence with this antitoxm, but beheve that if properly used it is a valuable 
agent m the treatment of very ill patients who are toxic from staphylo- 
coccic infection It must not be rehed upon to cure the disease because 
It has no effect upon the bacteria, but merely tends to neutralize the 
toxins which they produce 

Of the above therapeutic measures, sedation, sulfathiazole or pem- 
ciihn, immobilization of the part, mtravenous flmds and transfusion, 
if necessary, should be instituted as soon as possible after admission to 
the hospital and the patient should then be left alone and permitted 
to rest 

It IS noted that the x-ray is not mentioned This is of no value in the 
early diagnosis of the disease and the patient should not be subjected 
to an x-ray exammation until a week or more after the onset when 
sufficient time has elapsed for changes to occur m the bone which will 
be visible m the roentgenogram 

The question now arises as to whether or not surgery is mdicated 
In the past I have mamtamed that the focus m the bone should be 
dramed as soon as the patient is ready for the operation, that is, after 
the above measures have been msatuted and the dehydration has been 
corrected and he has rested and his general condition has improved to 
a point where the operation can be performed with relatively htde 
risk I now think that it is time to reconsider that opmion, because the 
principal reason for the operation was to reheve the tension in the 
bone and prevent or lessen the spread of the infection We now have 
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sulfathiazole and penicillin which tend to limit the spread of the infec- 
tion and gradually to lessen the tension m the bone If treatment is 
started early it seems probable that these agents can sterilize the focus 
in the bone and so limit the necrosis of bone that gross sequestra will 
not form 

On the other hand, if the specific treatment is started relatively 
late m the disease (4 to 7 days after the onset) it is probable that the 
focus in the bone is so well established and so extensive that the drug 
cannot enter the abscess in sufficient concentration to kiU the bactena 
Under these conditions it is still my opinion that the focus in the bone 
should be drained as soon as the patient is ready for the operaaon and 
the focus can be identified and approached surgically In infants (under 
two years of age) the bones are so porous that operation on the bone 
IS not necessary and the abscess m the soft tissue may be aspirated or 
drained by a small mcision and usually the dead bone wiU be absorbed 
and replaced without sequestration But m older children it is probable 
that mtense chemotherapy or pemcilhn may cause the acute disease to 
subside and leave a chrome infected focus m the bone which may flare 
up when activity is resumed or at some later date I have seen both 
of the above sequences of events occur in paaents who had been treated 
elsewhere 

The operation may be done under general or local anesthesia and 
IS a relatively simple and non-shocking procedure The bone is exposed 
through the shortest and safest route and the penosteum spht and two 
or more small drill holes are made through the cortex A small window 
may then be removed from the cortex but no attempt is made to re- 
move the infected cancellous bone or marrow Hemostasis is effected, 
the wound is sprinkled with sulfathiazole powder and packed loosely 
Avith vasehne gauze and the extremity is immobihzed m a well-padded 
plaster-of-Paris cast If pemcUhn is available the vasehne gauze is put 
only around the margms and walls of the wound and a small catheter 
IS placed in the depth of the wound and led out through the dress- 
ing and the cast and a small amount of pemcilhn (5 to 10 cc of a 
solution contaimng 250 umts per cc ) is instilled into the wound once 
or muce daily 

Immobilization is a verj^ important part of the treatment and should 
be contmued until the ^^ound is almost healed or until chronic osteo- 
myehas is present and there is sufficient mvolucrum to prevent a patho- 
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logical fracture The general supporuve treatment should be continued 
as mdicated until the improvement m the patient’s general condition 
warrants a return to a normal regime 

It is to be emphasized that the operation is for dramage only and 
IS a relatively mild procedure When properly performed and nghdy 
timed and followed by effective immobilization of the part, I do not 
beheve that the dramage operation does any harm I have seen patients 
m whom the disease appeared to spread widely through the bone and 
cause extreme destruction and mvolvement of the adjacent joints and 
even develop secondary foci while bemg treated with sulfathiazole It 
is reasonable to think that early dramage of the focus m the bone 
would have lessened the spread of the disease m these patients 

When should the operation be performed? I see no reason for 
waitmg until the temperature is normal and the acute infection has 
subsided If the patient’s general condition warrants the admmistration 
of a local or short general anesthetic (mhalanon or pentothal) and the 
focus can be identified with a fair degree of certamty the focus should 
be dramed This operation is not performed as an emergency, but is 
done when the condition of the patient is satisfactory and at the con- 
vemence of the surgeon and the stafF In some patients it may be done 
on the day after admission or even on that day and others may enter 
the hospital with a severe septicemia and profound toxemia and may 
die of the infection or recover and the local disease subside without 
bemg fit subjects for a drainage operation at any time If the disease 
IS Limited to cancellous bone sequestration may not occur, even in older 
children with severe infection 

It IS possible that further expenence with pemcilhn wiU cause this 
opmion to be revised, but I doubt it When the disease is well advanced 
dead bone is present and, especially m older children, this will seques- 
trate and be difficult to sterilize by systemic treatment The fact that 
the local and general symptoms have subsided does not mean that the 
patient is cured of osteomyehtis 

In pyogemc jomts the situation is different and a sulfathiazole sus- 
pension or, better, pemcdlm can be mjected directly mto the jomt 
cavity m sufficient amounts (10,000 to 40,000 umts) to luU aU sus- 
ceptible bactena m the jomt and m the synovial tissues If this is com- 
bmed with adequate systeimc treatment and is done before the cartilage 
IS destroyed, the jomt may be saved and a prompt restoration of func- 
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uon may be expected The mjection is made m sufficient normal salt 
soluaon to distend the joint cavit)' slightly and is repeated daily until 
the general and local symptoms subside If the patient is seen late, after 
the cartilage is destroyed, the joint should be drained and then immo- 
bilized in a functional posiaon and local and s}^stemic administrauon 
of die drug contmued just as was desenbed for the mfecnon m the bone 

Infected compound fractures should be treated roughly as described 
above, except that adequate drainage followed by reduction and im- 
mobilizaaon are important parts of the treatment and die operanon 
should be done as soon as the pauent can be gotten in saasfactor)’’ 
condition If gas bacillus infecaon is present the appropnate antitoxin 
may be combmed mth die pemcdlm or sulfathiazole and the operation 
should be performed as soon as possible and the mvolved muscles ex- 
cised widely or the extremity amputated if it is devitalized 

The Treatment of Chronic Osteomxelitis 

In this condition surgery is usually necessar}’- if the disease is to be 
cured, but sulfathiazole and pemciUin are useful adjuncts to our surgery 
and are also useful m qmetmg down acute flare-ups of the chrome 
mfecaon 

In a chrome osteomyehas the disease may remain qmescent without 
drainage or other sjmptoms over a vanable penod and the focus may 
then become painful and acutely inflamed and an abscess may develop 
and rupture spontaneously unless it is dramed Or a smus may close 
spontaneously and then pam, local inflammation and an abscess may 
develop As a rule, these acute exacerbations of the disease are not 
accompamed by much fever, nor is the paoent dangerously ill How- 
ever, this is not alAvays true and they should not be taken too lightly, 
because sometimes the disease becomes mvasive in character and may 
cause sepacemia and even death 

In the past u e have treated these acute exacerbaaons of the disease 
by rest in bed, forcing fluids and hot, x\et packs and immobdizaaon 
of the extremit}’’ and surgical drainage Now, with sulfathiazole or 
pemcillm added to the above measures, we frequently see the acute 
stTuptoms subside without abscess formation and the patient may 
again resume work withm a relaavely short nme or he may elect to 
subrmt to an attempt to cure the disease by a radical surgical procedure 
If abscesses form they should be drained as in the past 
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In considering the surgical treatment of chrome osteomyehns, the 
operation for cure should be undertaken only while the disease is 
relatively qmescent, that is, when fever, pam and local signs of acute 
inflammation are absent Then, the patient should be hospitalized a 
day or two before the operation and pemcilhn or sulfathiazole admin- 
istered m moderate doses (10,000 umts of pemc ilhn mtramuscularly 
every 3 hours or 15 grams of sulfathiazole by mouth every 4 to 6 hours) 
The operation should be performed just as carefully and thoroughly 
as though the drug were not bemg used and an attempt should be 
made to remove all sequestra and as much as possible of the dead and 
infected bone and to saucenze the cavities m the bone and ehminate 
the dead space The infected walls of the smuses are also excised The 
wound IS then sprinkled with sulfathiazole and sutured and the extrem- 
ity IS immobilized m a plaster-of-Pans cast Dry pemcilhn powder may 
be mixed with the sulfathiazole powder or a small catheter may be 
placed m the bottom of the wound and the wound sutured around it 
and pemciUm mstilled mto the wound daily for a week or so after 
the operation The systermc administration of the drug is continued 
for from one to two weeks after the operation, or until the wound is 
heahng Dependmg upon the lesion, the cast is removed m from two 
to four weeks after the operation Heahng and probable cure can be 
obtamed m about 60 per cent of the cases 

In those cases m which the operation fails m that the wound does 
not heal by primary mtention after it is sutured, I have not found that 
the attempt to close it has precipitated a severe infection, but has re- 
sulted m a reduction of the size of the open wound and is followed 
by one or more smuses which lead to infected bone In other instances 
the wound will be healed when the cast is removed, but it will exhibit 
signs of infection or smuses may develop when function is resumed, 
or at some later date In these it will be found that the operation has 
been madequate The prmcipal reasons for failure m my hands have 
been incomplete removal of sequestra, insufficient removal of dead or 
infected bone, mabihty to obhterate dead spaces, closure with too much 
tension and mability to close the wound because of damage to the 
soft tissues by previous surgery and long continued infection 

The use of adequate surgery withm a few months after the sub- 
sidence of the acute disease would ehminate a considerable proportion 
of the severe cases of chronic osteomyehtis with large ebumated bone 
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containing one or more large cavities and a ^a^able number of small 
foci of disease Such cases may be incurable by anything short of am- 
putation and neither sulfathiazole nor penicillin can be expected to 
solve the problems which they present (Key®) 

The dead bone should be removed as soon after the subsidence of 
the acute infection as it can be identified It is wrong to wait for it to 
sequestrate or for a massive mvolucrum to form The dead bone har- 
bors infection and the massive mvolucrum becomes chronically infected 
as It IS formed Even if a pathological fracture is produced or follow^s 
the operation, this wnll do no great harm if the extremity is properly 
immobilized after the operation Lilcewnse, even if it is not possible to 
identify and remove all of the dead bone at the first operation some- 
thing wnll be gained and a second or third operauon may be performed 
if necessary There is no reason why a surgeon should not plan to cure 
a chronic osteomyelitis by a series of operations, ]ust as a plastic surgeon 
plans to replace extensive scar tissue by a series of skin grafts The same 
IS true of mfected compound fractures The surgeon should not w^ait 
for many months or years until the mfecoon is almost incurable before 
attempting to create conditions favorable for elimination of the infec- 
tion The re-mforcement of good surgery by sulfathiazole or penicillin 
justifies a more aggressive attitude on the part of the surgeon in his 
w'ar on infecaon m bone On the other hand, he should do as little 
harm as possible and avoid the removal of hving bone w'hich may aid 
rather than interfere wnth healmg It is thus evident that subperiosteal 
resection is not recommended Rather, one should perform a meticulous 
removal of as much dead and infected bone as possible 

From w'hat has been w^ntten above it may be inferred that I no 
longer use or recommend the Orr treatment for chronic osteomyelitis 
Tins is not the case I both use and recommend it It is used in w^ounds 
wdnch cannot be closed satisfactonly and in w’^ounds m wTich the in- 
fection for some reason seems too virulent to permit primar)’' closure 
This is especially true of extensive infections x\nth large sequestra and 
foul-smelhng, browm colored saproph)mc pus These foci arc treated 
as adequately as possible, then spnnkled with sulfathiazole, packed 
loosely with vaseline gauze and immobilized in a plaster cast, or peni- 
cillin may be instilled through a catheter led out through the cast 
They usually require one or more operations after the severe infection 
has subsided and may be closed or not, depending upon the state of 
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the wound at the end of the operation The drug is also administered 
systemically both before and for a week or so after operation 

Conclusion 

Acute and chrome osteomyehtis are surgical conditions in whicli 
sulfathiazole and pemcillin are valuable adjuncts to, but rarely substi- 
tutes for sound surgical treatment 
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THE HISTOLOGY OF THE NORMAL AND 
DISEASED PANCREAS^ 
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paper does not purport to be a complete review of 
all CMSUng information on the subject indicated in the 
otic Smee the structure of the pancreaoc islets under 
normal and pathologic conditions is well covered m 
many textbooks of histology and pathology, in tlus 
presentauon well known facts wnll be touched only superficially, and, 
instead, stress wnll be laid on some less generally known points, some 
of wdiich arc too recent to be mcluded in textbooks 

The insular system consists of special cells distributed rather irregu- 
larly among the pancreatic acini and possessmg a characteristic appear- 
ance and structure Their shape is cuboideal, sometimes columnar or 
wedge-lilte With most routine stains their cytoplasm is homogeneous 
and much hghter than that of tlie acinus cells because of the absence 
of both z)m'iogcn granules and chromidial substance That is why 
larger accumulanons of them can be recognized even under low powur 
and wnth almost any stainmg technique Although they can be dis- 
tinguished from acmus cells by several cytological differences, their 
most distmcavc feature is their specific granulation, demonstrable only 
with suitable differential stains Tliese granules set them off sharply 
from both the acinus and duct cells xvhich are devoid of such granules 
Islet cells form w ell circumscnbed, more or less bulk)'^ sohd groups 
of a rather r\^pical structure (islets) but are also found scattered smgly 
or in poorly delimited small groups among the acini and in the linmg 
of small ducts 

The islets can be studied as to number and size by various tech- 
niques such as supravital perfusion with neutral red or by planimetnc 
measurement This latter technique consists in projecting stained micro- 

• Tlit« lupcr was read on invitation before The New Yorl* Diabctc* \5*^ae:ation on Sep*cn:b^ 2S 
I9n4 Thi^ work has been done under a grant from tbe Douglas S-nitb Foundation lor Medical 
Research of tbe 'Univcr^itT of Chicago ^Rart of the text has been taken over from a p'evious 
paper of the author (Arch Path 6 2\7 194”^) 
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scopic slides on a paper screen, outlining the islets, cutting them out 
with scissors, countmg and weighing the pieces In this way the number 
of the islets and their surface area in terms of percentage of the total 
surface can be calculated with ease The important point is to take 
sections from many different parts of the gland smce the distribution 
of the islets may vary considerably m different portions, although the 
notion that they are especially plentiful m the tad cannot be substanti- 
ated There are data avadable concerning the number of islets m the 
normal human pancreas, and it seems that the range of vanation is 
extremely wide The total number of the islets m the human pancreas 
lies between 250,000 and 2,500,000, the majority of the cases bemg 
around 500,000 More meamngful is the total area of the islets, e\- 
pressed m percentages of the total, smce this figure mcludes both size 
and number of the islets and is actually proportional to the amount of 
islet tissue The average normal value for man is i to 3 5 per cent In 
certam ammal species such as the dog and the cat the mdividual varia- 
tion IS so tremendous and the distribution of the islets m vanous parts 
of the gland so freakish that it is practically impossible to give normal 
values Especially among dogs extremely low msular counts with almost 
complete absence of islets m some parts of the pancreas are quite com- 
mon even under apparently normal conditions Extreme caution is 
warranted before statements on changes m the amount of insular tissue, 
produced by experimental procedures, are made 

In size the mdividual human islets may range from a smgle cell to 
a group of over 300 micra m diameter, although the average islet will 
have a diameter of 70 to 150 micra 

The islets are composed of anastomosmg short cords, usually only 
one or two cells thick They are delimited more or less completely 
against the acmar parenchyma by the basement membranes of the acim 
and ducts or by the mteracmar connective tissue They do not have 
a capsule in the strict sense of the word and may be m direct contact 
with acmi Some islets are m direct contmmty with ducts A special 
kmd of islets are the neuromsular complexes which are composed of 
islets m intimate contact with sympathetic ganghon cells They seem to 
be constant orgamtes m the pancreases of aU species Nothing is known 
about their functional significance but the behef has been expressed 
that they may be chemoreceptors concerned with regulation of the 
secretion of insulin 
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E\trainsular islet cells may be found scattered among the acmi 
Some of these tmy cell groups may be interpreted as slender peripheral 
processes of larger islets but individual islet cells, ob\iously outside of 
all insular relationship, are often seen wedged m between acinus cells 
Other islet cells are embedded in the lining of ducts These cells arc 
likely to be completely overlooked if only routine stains are used but 
can be discovered easily in thin sccuons stained for specific granules 
In certain animal species such as the w'hite wdialc, extrainsular islet cells 
arc very numerous, but they can be found in var^ung numbers in 
almost all species In some human cases large numbers of them can be 
found both among the acini and in the lining of ducts, in other cases 
they seem to be completely absent Unfortunately, quantitative data as 
to their occurrence under normal and under pathologic conditions arc 
not available, although such data would be of great interest A high 
count of extrainsular islet cells could explain such puzzling cases as that 
of Binger and Keith^ in wdiich no islets could be found in the pancreas 
at autopsy although there was no evidence of diabetes in vivo 

Acixus-islet Relationship 

The relation benveen the islets and the acini has been a moot point 
ever since the discover\'^ of the islets All histologists agree that both 
acini and islets arc formed from ducts Also, there can be no doubt that 
islets are formed in embryonic hfe by the budding of acini How ever, 
opinions are divided concemmg the fixitx’^ of the two tissue t>’’pes once 
fully developed One group of xxmrkcrs finds no evidence for acino- 
insular transformation and asserts that both acini and islets arc specific, 
noninterchangcable tissues w'hich are capable of further grow'th or re- 
generation only by the division of their ow’^n cells, besides, of course, 
b\ new formation from ducts Another, equally numerous group has 
maintained that the relation between islets and acini is dynamic rather 
than sntic and that con\crsi<m of icini into islets and \icc icrsa does 
occur under functional snmuli c\cn in the adult organism 

This divergence of opinions is due mainly to the application of 
too lax criteria to the diagnosis of acmoinsular transformation Since at 
times It may be quite difficult to decide on the basis of routinely stained 
slides w hctiicr a particular cell is an acinus or an islet cell the sulqcctu c 
factor will become of decisive importance in settling the question This 
IS espcciallv true in cases of regeneration and hA'pertrophy of the islets 
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when the acinomsular boundary may become more or less jumbled 
Smce the one positive means of identification of both acmus and islet 
cells IS the demonstration of their specific granules, the only cogent 
evidence for acmomsular transformation would be the findmg, with 
specific stains, of cells containing both types of granules If this critenon 
IS accepted, the overwhehnmg majority of papers champiomng acmo- 
msular transformation must be dismissed because their authors failed to 
demonstrate such cells The often observed apparent contmmty between 
islets and acini, the lack of delimitation between the two tissues, are 
mere survivals of embryomc conditions and by no means an evidence 
for transformation Bemg very much mterested m the problem I have 
studied many hundreds of shdes of both human and animal pancreases 
but have never seen a cell mtermediate between an acmus and an islet 
ceU either under normal or under pathologic conditions I also paid 
attention to the often mentioned transitional forms between centro- 
acmar and islet cells, but the results were negative 

On the other hand, there can be no doubt that islets can be formed 
from ducts even durmg adult hfe Although m the majonty of human 
pancreases there is very httle new formation of islets, m a number of 
cases all steps of such new formation can be traced The epithehum of 
small ducts becomes multilayered, buds form which enlarge and finally 
become detached from the duct In my coUecaon I have several cases 
m which new formation of islets is qmte conspicuous Two of these 
cases show rather extensive aitenosclerotic changes with hyalmosis of 
the islets but both without any chmcal signs of diabetes Otherwise no 
correlation whatsoever could be found between the chmcal pictures 
and the extent of regenerative changes as found at autopsy 

Cell Types 

The first observations on the presence of more than one type of 
cell m the pancreatic islets date back almost fifty years ® The founda- 
nons of the morphology and of the sta inin g properties of the islet cells 
were laid down by Lane^ and Bensley® about 35 years ago They dis- 
tmguished two cell types m the islet of the gumea pig the alpha cells 
whose granules are alcohol msoluble but water soluble and the beta 
cells whose granules are alcohol soluble but msoluble m most aqueous 
fixatives The stammg techmque used by Lane and Bensley was a rather 
comphcated and capncious one which yielded good results only m the 
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guinea pig and was practically unusable m other species A nunnnal 
change in the coniposiuon of the fi\atnc produced color effects \cr\ 
different from those described by the authors, in fact, quite often a 
complete re\ersal of the staining rcacuon so that now the alpha cells 
stained as the betas should and \ ice \ ersa The same applies to a 
number of similar stains de\ eloped on the analog)'- of Lane’s so-called 
neutral gentian This inconsistency of results led to a considerable con- 
fusion, and It may be said that all papers based on the results of the 
Lanc-Bcnslc)^ staining technique are of somewhat doubtful aalue unless 
they come from the authors themselves or from their pupils who are 
thoroughly familiar wntla the Lnachs and pitfalls of the technique The 
Mailory-Heidenham stain if used on aer)' fresh and properh fixed 
tissue gives a brilliant picture of the islets in practically all species The 
alpha cells shoaa ruby-red granules, the beta cells indistinct orange- 
grayish ones, and a third type of cells. Bloom’s D cells," sky blue ones 
Curiously, in the guinea pig the color effect of the alpha and beta cells 
IS rc\ ersed in that the alpha cells arc orange and the beta cells red 
The chromium hematoxylm-phloxin stain I described se\cral years 
ago* seems to be, on the basis of my oxvn cxpcncncc and of that of 
man)'- other pathologists, a ver)'- reliable and easy stain that wall differ- 
entiate w'lth great clant)' the dark blue staining beta cells from the red 
staining alpha cells The D cells cannot be recognized as such w'lth this 
stain because they stain very much like the alpha cells Tlie chromium 
hcmatox)'^lin-phlo\in stain w orks equally w ell in all of the zo-odd species 
I examined, ranging from man to the pigeon and the frog Almost any 
fixative w'lU do, xvith the exception of alcohol, although w ith fixatn es 
containing mercurs* salts certain correctue measures ha\c to be taken 
before the staining technique can be applied xMth good success The 
material need not be a cr)^ fresh if one is not interested in fine c) tologic 
details, aerv sitisfactorx’ counts can be done on tissues fixed as late as 
6 to 8 hours, sometimes exen 12 to i6 hours after death 

Wlien these two stains, the Mallory azjn and the chrome htina- 
toxx’hn-phloxin stain, arc applied to pancreases of die most xaned 
species It IS found that alpha and beta cells are inxanably present in the 
islets of all of them Although there arc reports that the D cells arc also 
a unixcrsal constituent of the islets of most species, I found easily 
stained clcarcut specimens onlx* m the pancreas of man and the guinea 
pm Occasional bluish stuninn cells arc seen in the islets of manx 
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species but I am not quite sure whether they are actually analogous to 
the D cells of man and the gumea pig There are absolutely no transi- 
tions between alpha and beta cells On the other hand, the dpha and D 
cells do not seem to be two strictly different types smce transitional 
forms are often seen It is my impression that the D cells develop from 
the alpha cells through the agmg of the latter Besides these granular 
cells a number of agranular ones can be found m the pancreases of most 
species The majority of these agranular cells are, no doubt, degranu- 
lated specimens of the three granular types 

In the islets of some species (gumea pig, dog) the different cell 
types are mtermmgled without any recognizable pattern, m others they 
tend to cluster together m a characteristic way For instance, m the 
rat and the mouse the alpha cells occupy the periphery of the islets, 
while m the horse and m the cat, the center In human islets the alpha 
cells often have a tendency to nestle against capiUanes while the beta 
cells occupy the most avascular areas 

In most species the B cells greatly outnumber the alpha cells Actual 
counts are available only on human and camne material In normal 
human islets around 60 to 90 per cent of aU ceUs are betas, 2 to 8 per 
cent are D-s, and the remamder alphas Considerable mdividual varia- 
tion m the differential count even between islets within the same shde 
IS quite common The extramsular islet cells are mostly alphas 

Both m the human and m animal islets there is a considerable vana- 
bihty m regard to the extent and the degree to which the cells are 
granulated However, islets of the same mdividual usually show the 
same degree of granulation or degranulation Considerable degranula- 
Gon, especially of the beta cells, is a common finding even under 
apparently normal condiGons Three types of degranulaGon are en- 
countered m human material (i) the diffuse, (2) the discontmuous 
degranulaGon, and (3) margmaGon Nothmg is known about the im- 
portance and meaning of these vanous states of degranulaGon, although 
it IS known that acutely high blood sugar levels tend to produce de- 
granulaGon 

There is a large number of observaGons available on the effects of 
vanous acute and chrome stimuh on the islets Most of these changes 
were studied with routme stains only or with the aid of the Lane- 
Bensley stains, and m many cases it is admitted that the results were 
very hard to mterpret The overwhelmmg majonty of these observa- 
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tions arc of doubtful scientific value owing cither to hek of adequate 
controls or because the conclusions verc based on impressions rather 
tlian on sound stansucal evaluation of the data I do not v ant to go into 
details of these reports but shall limit myself to the mentioning of a 
few veil established facts First, the administranon of glucose causes 
an acute dcgranulaaon of the beta cells m the guinea pig In the dog 
no such changes could be produced even with excessive doses of glu- 
cose Partial ablation of the pancreas invariably, and ligation of the 
mam duct often, cause hypertrophy of the islets Starxation and preg- 
nancy may also lead to considerable hypertrophy 

Diabctes 

The literature on the changes of the islets in human diabetes was 
so thoroughly covered in Shields Warren’s book® and so well known 
to pathologists that I shall not go into details but shall bring out onlv 
some important points 

Although certain degenerative changes such as profound reduction 
m the amount of islet tissue, fibrosis, hyahnosis, lymphatic and hemor- 
rhagic infiltrauon of the islets, along with certain cytologic alterations 
such as nuclear pyknosis and hydropic vacuolation can be considered 
rather typical of diabetes, there arc a great many cases on record m 
which severe diabetes had been present in life, yet at autopsy the islets 
looked perfectly normal, m fact m some cases there vcrc distinct signs 
of h\ pcrplasia of the insular sj'^stem On the other hand, the pancreas 
may exhibit extensive degenerative changes quite tvpical of diabetes, 
\\ ithout any in a ivo disturbance of carbohydrate metabolism The 
reasons of this puzzling inconsistency between the clinical and patho- 
logic findings arc so \\ ell given by Warren and Root’'* that I shall 
quote from their paper verbatim 

“^^^^atc\ cr the cause may be, it seemingly acts o\ cr a long period 
of ome, perhaps throughout the duration of the disease The pathologv 
v Inch V 0 find in the pancreas at autops)* rarelv represents the initial 
damage to the organ, but rather the result of a long struggle betv ecn 
the res;enerati\ c acnwtx' of the pancreas and the degenenrn c changes 
caused by the diabctoiicnic factor The pancreas is not a •static organ 
like the brain or mvocardium, unable to repair itself after inpira 

'Tor some reason this static conception of the pancreas has become 
finiilv csriblishcd in spite of clinical and anatomical c\ idencc to the 
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contrary, probably because the diabetic patient cannot be cured and 
frequently goes steadily downhill in spite of treatment We beheve 
that this unfavorable course of the disease is not due to failure of the 
pancreas to regenerate but to cononued mjurious action on the organ 
by the causal agent, eventually overcoming the regenerative efforts 

“A transient mjury to the islands may explam the severe drop m 
sugar tolerance noted m diabetic patients durmg acute infections The 
rapid reestabhshment of the former level of sugar tolerance follo^vlng 
recovery from the acute process may well represent the result of the 
rapid regeneration of the island cells 

To this I wish to add the foUowmg remark the appearance of the 
chmcal symptoms of diabetes depends only on the mabihty of the 
pancreas to supply a sufficient amount of insulin We know from both 
experimental and chmcal observations that the demand for msuhn may 
vary tremendously under abnormal conditions It seems that m expen- 
mental pitmtary diabetes the pitmtary extract acts mainly by reducing 
the efficiency of msuhn m some unknown way, thereby mcreasmg the 
demand Clmically we have the so-called insulm-resistant cases of dia- 
betes whose msuhn requirement may be many tunes the amount cal- 
culated as normal for an adult mdividual Even a perfectly normal 
pancreas may be unable to satisfy such demands Therefore, all grada- 
tions between an absolutely mcompetent msular system and a normal 
one that is relatively insufficient only m the face of excessive demand, 
are possible 

I hoped that the apphcation of specific stains to diabetic pancreases 
may shed some additional light on the pathology of this disease How- 
ever, the results were disappomtmg True, m some cases where the 
islets looked normal with routine stains, they proved to be very ab- 
normal when stamed for cell types m that the beta/alpha ratio was 
very low or beta cells were absent altogether On the other hand, a 
great many cases gave a perfectly normal diiferennal count It is mter- 
estmg to note that the beta cells may be well preserved even m greatly 
shrunken, hyahne islets Summanzmg the present status of the problem 
of the pancreatic pathology of diabetes, it may be said that although 
certam changes are highly suggestive of diabetes, it is impossible either 
to rule out or to confirm the diagnosis of diabetes with certainty on 
the basis of histologic findmgs 

The most important contnbutaon to the pathology of diabetes has 
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been obtamed from studies on vanous types of artificial diabetes There 
are three types of induced diabetes known the surgical, the pituitary 
and the chemical (alloxan) diabetes The changes m surgical and pitui- 
tar)’’ diabetes consist of iniaal hyperplasia of the islets, followed by 
degranulaaon, vacuolation and ultimate disappearance of the beta cells, 
with fibrosis of the islets as the end stage As to one of these changes, 
vacuolation, it should be remarked that it seems to be the expression 
of acute stram on carbohydrate metabolism Conspicuous vacuolaaon 
may be seen m the pancreases of mdividuals who died with very high 
blood sugar levels 'VSfithm the last two years I had the opportumty’- to 
examine a fair number of biopsy specimens of pancreases In three 
pancreases commg from mdividuals who had received very large 
amounts of glucose preoperatively vacuolation of the beta cells was a 
promment feature In both surgical and pitmtary diabetes the alpha 
cells escape mjury The changes mentioned seem to be brought about 
by exhaustion of the insular tissue due to overwork The proof for this 
theory is that both surgical and pituitary diabetes can be prevented if 
the islets are protected m the early stages of the disease by a low 
carbohydrate diet or by the administration of msuhn On the other 
hand, alloxan seems to kill the beta cells promptly, without any imaal 
stimulation Alloxan diabetes cannot be prevented either with a diet 
low m carbohydrate or by the administration of msuhn The pathologic 
changes are practically identical m aU species ^Withm a few hours 
after the injection of alloxan the beta cells become pyknouc Later the 
cell cords become fragmented or coalesce mto a homogenous debris 
m which mdmdual cells cannot be recognized In the course of the 
next two or three days the necrotic cells disappear without the shghtest 
inflammatory reaction They become replaced by prohferatmg alpha 
cells and by agranular cells only, the beta cells bemg completely gone 
In the dog, the msular changes are accompamed by an extensive vacuo- 
laaon of the epithehal linmg of the small ducts, a change observed also 
in surgical and pituitary diabetes This change may mdicate that m the 
dog the duct cells are funcaonally related to the islets There is no 
tendency to recovery from alloxan diabetes, except m rabbits Rabbits 
W'hose diabetes show’s improvement usually have a number of more or 
less normal beta cells preserved m their islets These cells often show' 
profound vacuolaaon, a picture similar to that seen m pituitary diabetes 
Fmally, I wish to say a few words about islet cell tumors Their 




I o 8 


THE BULLETIN 


pathology was thoroughly covered by the excellent review of Duff 
and Murray,^ here I want to call your attenaon to a few important 
pomts only Not all islet cell tumors are functionally active, m fact 
only about 20 per cent of them are associated with attacks of hypogly- 
cemia There are over a hundred cases of functional islet cell tumors on- 
record of which only 30 were studied by specific stains and out of this 
number adequately only 5 or 6 Owmg to this small number of well 
studied cases it is impossible to tell whether functional tumors have a 
cellular composition different from that of nonfunctional ones It would 
be very useful to establish a registry of islet tumors on the example of 
the Bone Tumor Registry for the purpose of makmg the comparative 
study of large numbers of islet tumors possible On the basis of the 
few cases I had the opportumty to study, it would seem that although 
some of the functional tumors do contam cells more or less similar to 
the normal types, others consist only of cells that contain no identifi- 
able granules 

Comment 

According to all experimental and pathologic evidence, the beta cells 
are concerned m some important way with the regulation of carbohy- 
drate metabolism However, it is by no means proven, although prob- 
able, that they actually secrete msulin and that the beta granules are 
the morphologic expression of msuhn content In fact, msulin precipi- 
tated from commercial solutions by histologic fixatives does not show the 
stairung properties of beta granules, furthermore, tumors with no dem- 
onstrable beta cells were found to have a high msuhn activity There- 
fore, the part played by the beta cells in carbohydrate metabohsm is 
poorly understood The function of the alpha cells is entirely in the 
dark 
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Discussion by DR PAUL KLEMPERER, Pathologist, Mt Sinai 
Hospital of papers presented by Dr Mai tin G Goldner and 
Dr George Gomori 

I am sure I voice the sentiment of the audience if I express our 
graatude for tonight’s splendid presentations The research on alloxan 
diabetes, stimulated by the origmal observ^anons of the British authors, 
has been greatly advanced by the remarkable contribuuons of Drs 
Goldner and Gomon Their painstaking cytologic studies have clarified 
tlie site of the cellular damage m the Islands of Langerhans the complete 
necrosis of which had originally been reported by Dunn and his co- 
umrkers \^^ith the discoverer of the selective damage of the B cells by 
alloxan their sismificance m the formaoon of insulin is now more firmly 
established than before Beyond that, their investigations have demon- 
strated that the alteranon of the B cells is not the result of oversumu- 
lation, as in the other forms of expenmental diabetes, but the effect of 
direct in)ur\r by alloxan Tins evidence, of course, must challenge our 
curiosiw as to the possible mode of action of alloxan upon the B cells 
Is there any answer or any suggesnon to account for the destruction 
of these cells- I wonder if and how' the action of alloxan can be 
inhibited Is there any mtcrference wnth enzymatic activity of these 
cells which could be demonstrated histologically^ What is the effect 
of subtoxic doses of alloxan o\ cr a long penod^ The evidently constant 
absence of an mflammator\' reaction in the wcmity of the damaged 
Islands of Langerhans seems to me a w orthw'hile problem although it 
might not be of particular significance to those pnmanly interested in 
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the diabetogenic action of alloxan But from a general pathologic point 
of view, It IS a provocative observation and I wonder whether our 
speakers could give us some of their ideas on this puzzhng phenomenon 
In hne with this evidently well established feature of the alloxan pan- 
creas, I should like to refer to the reports of Dunn and his co-workers 
who found a stnbng dimmution and even absence of Islands m the 
late phases of alloxan administration In some preparations which were 
shown to me by Dr Wachstem, I had the same impression Dr Gomon 
did not mention such a disappearance of the Islands, and I wonder 
whether we were mistaken Of course, the fact that the A cells are not 
affected by alloxan certainly makes it difficult to understand that the 
entire Island should disappear and it might well be possible that the 
small group of survivmg A cells can be overlooked 

There seems to be a fundamental difference to the hver picture in 
APE diabetes where the hver is devoid of fat except m those cases 
m which the A cells are also affected, as reported by Ham and Heist 
I wonder if the speakers could enhghten us on this feature of A P E 
diabetes and, m particular, if they also found occasional A cell de- 
granulation m A P E diabetes as seen by Ham and Heist The absence 
of A cell damage m alloxan poisomng has been stressed by the speakers 
It IS, therefore, mterestmg to note that the hver of the experimental 
animals showed extensive fatty changes 

The constant sequence of hyperglycemia, hypoglycemia and per- 
manent diabetes foUowmg alloxan admmistration has been one of the 
most puzzhng phenomena The conclusion arrived at by Drs Goldner 
and Gomon as bemg the result of an action of aUoxan upon the adren- 
als seems to me a bnlhant explanation of the hitherto confusmg issue 
Dr Gomon has reframed from drawmg any conclusion as to human 
diabetes from the mvesGgations on alloxan diabetes I understand his 
reluctance Histologic exammation of the pancreas, especially m refer- 
ence to cytologic details, is very disappomtmg due to the mterfenng 
post-mortem changes I beheve that the prmciples which govern ex- 
perimental diabetes also operate m human diabetes But the demonstra- 
tion of the mode of action by a correlation of the disturbed function 
with structural alteration which has given us so much msight m ex- 
perimental diabetes, is unfortunately not so successful m human pathol- 
ogy It IS for this reason that we are usually frustrated if we are asked 
to explam diabetes by the demonstration of structural alterations In 
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fact, wc have no rchable histologic critena for the pathologic diagnosis 
of diabetes The hyahmzation of the Islands of Langerhans is not found 
in the majority of cases and might be present without chnical evidence 
of diabetes Parenthetically, 1 should like to ask Dr Gomori whether 
he IS in agreement with a recent paper by Aronheim M^ho claims that 
the hyalme matenal is amyloid As to e\trapancreatic lesions in diabetes, 
I should like to remind you of the reports by Kammelstiel and by AJIen 
and Siegel from the laboratories of iVIt Smai Hospital who found the 
characteristic intercapillary glomerulosclerosis m about 30 per cent of 
cases of diabetes These findings are in my opinion valuable histologic 
criteria for the diagnosis of human diabetes It might be worth while to 
study the kidneys m prolonged experimental diabetes of all types for 
similar findings 

In conclusion, I should like to say that the correlation of functional 
aberration with structural alteration has been one of the cornerstones 
of scientific medicine If the dramatic discovenes of pure biological 
sciences have overshadowed the modest contnbudons of morphology 
to medicine in recent years, tonight’s presentation of Drs Goldner and 
Gomon proves that the old method of visuahzanon if properly used 
IS not an annquated weapon m the arsenal of science 
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SCIENTIFIC HUMANISM IN 
THIS CHANGING W O R L D ^ 

Presidential Address 

W Herrick 



-^u have seen fit to confer upon me an outstanding honor, 
die Presidency of The New York Academy of Medi- 
cine To one who has devoted his years to the teaching 
and pracnce of his calling and to the perhaps too sedu- 
^ Ions avoidance of cxecume duties and of office, your 
mandate brings with it a Inely awareness of limitations, limitations of 
expenence and, I fear, of capacity 

That this nnnde, winch has descended upon my shoulders from 
those of tlie medically distinguished of the past, be w^om with no 
diminution of lustre, I bespeak your kindly tolerance and your generous 
cooperanon 

I am bound to say, how c\ er, that I assume it and the attendant obli- 
gations in no shnnking spint, but rather in that ex'presscd by the phrase 
of Olncr Wendell Holmes “I am too much m earnest for cither 
humility or \ anity ” 

It has been said that an insneuaon is but the Icngtlicncd shadow of 
a man This, our Academy, is the almost ccnturv'-Ionc shadow' of a few 
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medical leaders who, m 1 847, first brought forward plans for its organi- 
zation This period m the history of our country has been called the time 
of decision, perhaps it also was such m medicme In that year Virchow 
founded his Archtv and Pasteur graduated from the Ecole Normale 
A Boston dentist had just brought to surgery the gift of anesthesia 
with the result that operations previously deemed impossible were un- 
dertaken Valentine Mott, one of our founders, hgated the mnoimnate 
artery, an unheard of surgical feat Contributions such as that of Dr 
Holmes on the Contagionsness of Puerperal Fever had given a new and 
stimulatmg aspect to medical problems The negative contribution of 
Hahnemann made itself felt, as the pubhc, ever ready to take the easier 
path, found the diluaons of Homeopathy certainly more agreeable and 
at times as efficacious as calomel and the lancet The regular practi- 
tioners of the day felt the need to band together for mutual support 
and for the elevation of the standards of medical practice Aware also 
of the ferment and progress about them, they declared it their further 
purpose to improve medical education and to contribute to medical 
hterature Shortly thereafter another primary purpose was added, the 
promotion of pubhc health As time has passed, the emphasis has gradu- 
ally shifted to education, pubhc health, and the dissemmation of infor- 
mation on medical matters to the pubhc 

Review of Academy programs uncovers a history of medicine since 
1847 Papers descnbmg the advances in surgical technique, the result of 
the use of anesthetics, occupy much of the earher volumes Studies m 
pathology, case reports, and matters of pubhc health also may be found 
With the work of Virchow the era of cellular pathology and of medi- 
cme based thereon is spread from the rostrum of this Academy Here 
Charles L Loomis and Edward Janeway, former Presidents, also Dela- 
field and Prudden, among others of our fellowship, were pioneers in 
bnngmg pathologic anatomy mto direct relation to bedside medicme 
Austm Flmt, an early President, brought physical diagnosis to its most 
finished stage The next era, spnnging from the work of Pasteur, Koch, 
and Lister, was that of bacteriology A president of this Academy pro- 
tested against the seemingly too ready and widespread acceptance of 
bacteria in the causation of disease, and doubted if Pasteur had found a 
permanent place m medical science because of his polemical tendencies, 
nevertheless, progress in this phase of medicine continued, and the 
Academy played its part in makmg it pubhc 
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Liter milestones in the m idening scope of oiir profession m.n be 
considered the applicition of libontorv methods of chemistr}* and 
pin SICS n Inch In\c nude clinical medicine much more precise and list 
of ill the reneml of our faith in therapeutics crowned by the magical 
effeets of the sulfonamides ind of penicillin There is no phase of these 
mi)or steps m medical progress in which the Academy has not hid its 
shire ind few indeed to which the Academv fellowship his not con- 
tributed 

Now we face i new era The greatest war of ill time must ere long 
come to 1 close bringing to our country and to our profession and to 
this '^Vcidemy new obligations and new fields of labor Amcncan medi- 
cine ser\ es in c\ erj’’ part of the w orld and e\ erv w'herc it has met the 
challenge of great and compelling opportunity It shall play its part 
in the rcorgani/ition of the W'orld and may w^cll be a great factor in the 
promotion of peace To this end we must be assured thit our own 
house IS in order and our ow n capacity to serve remains unhampered 
In o ^ ears, the Academy wnll celebrate its centennial It is not too 
early to begin to prepare for an occasion which should be notable in 
the medical progress not only of this cirs% but of the countr}' There 
are few medical organizations of equal importance that are more ancient 
1 he Academy of Philadelphia is considerably older ha\ mg been 
founded in 1777 The American Medical Association is but one \car 
our senior At the 50th annuersary of the Academy, the then president 
of the United States made an address In this, Gro\er Clc\ eland chided 
the medical profession because, in contrast to his boyhood da\s, the 
doctor of 1S97 so seldom appeared m public life and so rarely held 
ofike If at that time public office and medical practice were incom- 
patible how much more so today w hen one considers the additions to 
Know ledge w Inch must be compassed by the physician Not so much 
from choice as from necessity is it that the doctor a\oids office By 
training and tradition the problems of the mduidual absorb and con- 
cent him rather than the larger matters of public life The doctor has 
nor looked at polincs Pohnes, howeacr, is beginning to look at the 
doetor It is beginning to see in the field of medicine a new instrument 
of power with nch possibihnes of a domination which may well affect 
seriously manv long established practices of proven \alue If the phasi- 
cian IS to maintain that freedom of action which has gi\cn to our 
countrv an unequalled medical service it mav be ncccssaiw" for him to 
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follow the advice of Grover Cleveland and take a more active part in 
public affairs 

Already the Academy has taken cognizance of this situation in the 
work of the Committee on Medicme and the Changing Order Physi- 
cians, pubhcists, social workers, laymen and holders of pubhc office 
have met weekly for the discussion of every phase of this problem 
The report of this committee will represent the most detailed and au- 
thoritative study of this comphcated subject it should be highly m- 
fluenml m securing appropriate legislation affectmg the future practice 
of medicme m the Umted States 

Medicine has no small part to play m this changmg order, it has 
the pnmary obligation of safeguarding the public health This it can 
do best by the maintenance of its present high standards and by judi- 
cious action m any movement that threatens to lower those standards 
Without abandonmg its traditional practice of remainmg aloof from 
pohucs, the Academy has the duty of brmgmg to bear the wise and 
expert counsel it commands Certam social and pohtical trends of the 
times have important biological imphcations The experience of the 
profession m the practical aspects of sociology and of psychology, its 
mtimate contact with the reactions of mankmd to environmental 
changes of all sorts, gives weight to our opimons and judgments It is 
proper that some of these be considered m no partisan spurt, but m a 
humble search for the truth 

There is a certam pessimistic philosophy abroad, not popular at 
any time, least of all m an election year, one m many of its aspects 
qmte fallacious, yet with just enough validity to be arrestmg and with 
some relation to our problem This philosophy* holds that the mass 
man has not changed smce the Neanderthal days, that he remains mo- 
tivated by what hes below rather than above the diaphragm, that he 
wiU always satisfy his needs by the minimum of effort, that, while 
capable of trammg, he is mcapable of education because he has no 
wisdom and is, therefore, meat for the pohncian and the tyrant, that 
only rarely does a great soul nse above the mass, a Buddha, a Confucius, 
a Moses, a Plato, a Socrates, a Leonardo, a Shakespeare, a Washmgton, 
a Lmcoln The splendid list could be long Obviously such a philosophy 
IS vulnerable We are not all either John Does or Emersons There are 

* Cram, Ralph Adams Wiy We Do Not Beha\e Like Human Beings, in Convictions and Con 

troversies 

Nock J A The Slemoirs of a Superfluous Man 
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all gradaoons between The great leaders of medicine may not occupy 
the lofnest peaks with the major prophets, nevertheless, m their contri- 
butions to the welfare of mankmd, Hippocrates, Vesahus, Sydenham, 
Virchow, Pasteur, Laennec, among the elect occupy comparable sum- 
mits and give us, their humble followers, the right and the courage to 
speak when we sense any tlireat to the well-bemg of men or to our 
freedom to serve his needs 

Industnahzaaon and urban hvmg have divorced man from nature, 
divorced him from that “umversall and pubhck manuscnpt” of Thomas 
Bro\vne, m which we learn certam fundamental reahties, cause and 
effect, the value of leisurely evolunonary progress, the danger of abrupt 
and revolutionary changes, the worth of freedom The admitted evils 
of the mdustnal system have given nse to a demand for a new order 
It IS proposed that the state assume responsibihty for the security of the 
mdividual from the cradle to the grave Already we are embarked upon 
such a path, with httle regard on the part of the mass man for the truism 
that secunty at the hands of the state and freedom as w e have known 
and valued it are incompatible Freedom from want and fear makes a 
good slogan, but will it bear analysis’ Shon of that degree of pnva- 
tion which impairs mitiative and energy, are not man’s wants and man’s 
fears the common motivatmg forces that arouse and compel action’ 
To be sure there are higher motives— the love of sennce, the unsh to 
nse equal to one’s obhgations, the pride m a good job— the last seem- 
mgly lost m the assembly hne of modem mdustr}'^ These, alas, seem 
the motives of but a select few Even m the present crisis of our 
country in which the impetus to selfless, devoted labor in a common 
cause seems required of all, has the mass man, aside from the armed 
forces, shown any preponderant organized tendency to act on the 
higher levels’ Can we, overmght, by some feat of pohtical or social 
legerdemam, change this attitude or elevate these monves’ Agam, if 
all fear of privation be abohshed by a paternalistic government, a fear 
about which the mdmdual by his own eff^orts can do much, has there 
not been substituted a more menacmg fear, a fear of the state, against 
which no effort of the mdividual can avail’ Must we not estimate the 
effect upon the mmd and spirit of the mass man of the removal of his 
wonted mainspnng of action and of the deprivation of freedom which 
promises to result from the assumption by the state of this power over 
the mdividual’ The trend of this statism seems toward the static order 
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of the ant hill or the bee hive Let those who would be drones remember 
that, in Nature, such are limited in number, m funcuon, and m length 
of days As physicians we already have been concerned with and con- 
cerned about some of these effects upon the mdividual It is apparent 
that ere long we shall have to reckon with them as they affect our 
profession and, m consequence, the public health and welfare To these 
effects the Academy cannot be mdifferent 

I beheve a possible result of what is called state medicme may well 
be a destruction of certain values of the spirit which are part of the 
very soul of our calhng Let us consider some of these values “Sci- 
entific Humanism” has been declared a kind of rehgion, which is 
described further as the cult of the “sacredness of scientific progress 
in the promotion of the welfare of mankind ” I know of no better 
definition of medicme than this Whatever other faith we may profess, 
if this be a rehgion, a “Rehgto medrct” if you will, it is one to which 
aU physicians of whatsoever time, race, or nationahty subscribe No 
other body has achieved such umversahty, such cathohcity, not the law, 
not the church Wherever physicians meet there is unanimity of motive, 
purpose, method, and this has been true at all times and among all 
peoples In this have we not set an example for the statesman and is 
there not here a value upon which the lawmaker should lay no ill- 
considered hand^ Humamsm has a twofold meamng on the one hand 
It imphes a sympathetic approach to one’s fellow man and his problems, 
a sense of his needs, his mspirations, and his aspirations, it practices faith, 
hope, and chanty On the other hand humanism includes that which 
may be termed culture, a knowledge and appreciation of the stored 
wisdom and expenence of man, as found in the “Litterae Himmmores" 
of our hbrary, in not a few of the papers read from this rostrum, in the 
dehberations of our comrmttees and m the programs of our Section 
on Cultural and Historical Medicme These are no mere overtones, 
addmg only nchness of quality to professional work, they are funda- 
mental m the symphony Without science the physician is a menace, 
uTthout humanism he is no physician If, perforce, the physician be- 
comes a hirehng of the state, his future dependent upon pohncal favor, 
iviU not the humanistic side of medicme tend to shrink, perhaps even 
wither away^ 

For a moment let us be very practical Let us note certain concrete 
results A number of factors have contnbuted to the increased longeviw 


Scimttfic Humanism m this Changing World 


I 2 I 


we now enjoy None, however, has approached in importance the 
public and private health work, m so much of which the Academy has 
been a leader, often, mdeed, a pioneer Smce the foundmg of this 
Academy, the hfe expectancy of man has mcreased from 35 to 63 years, 
that of woman fom 38 to 68 years Can other learned calhngs show 
comparable results^ In the last hundred years has the Law brought to 
the world more of Justice or made it easier to secure or less costly^ 
Have legal dimes for the poor become numerous^ Has Theology 
brought us nearer its noble goal of peace on earth, goodwill among men^ 
Does this comparative record of medicme justify its bemg smgled out 
for revolutionary methods of governmental controP Let those in other 
c allin gs, whose freedom seems not as yet directly threatened, remember 
that encroachments by the state are progressive, that, if shackles are 
placed upon one group, they surely are bemg forged for the rest 

Life has three prune and mutually dependent values without which 
all else is vamty They are the life blood of our calhng and of our 
Academy They are truth, justice, and freedom If, as Emerson says, 
“truth IS the summit, justice is its application to affaurs,” there are but 
tvm— truth and freedom 

I hke to think of this Academy as a Temple of Truth, not of the 
fixed dogma professmg mfalhbility, but of a hvmg truth that can 
change with the daily revelations of science, “a strearmng fountain, if 
her waters flow not m a perpetual progression, they sicken into a 
muddy pool of conformity and tradition ” Is not this the kind of truth 
that makes man or woman free, free to hve a lengthened span, free to 
bear and rear with little pam or risk, free to build large cities and hve 
m them without danger of epidemics, free to explore and hve in any 
climate, free from smallpox, plague, yellow fever, diphtheria, and many 
other infections, free to hve and to die with httle pam^ In the Areo- 
pagitica we read how “Truth mdeed came once into the world with 
her divme master and was a perfect shape most glonous to look upon” 
and how Typhon, the god of evil, “took the virgm Truth, hewed her 
lovely form mto a thousand pieces and scattered them to the 4 winds 
From that tune ever smce the sad fnends of Truth, such as dare appear 

went up and dovm gathermg up hmb by hmb stiU as they could find 
them We have not yet found them aU ” It is our task to jom these 
fnends of Truth and gather up some of the fragments, m our hbrary, 
m our committees, m the stated and section meetmgs, so that, although 
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It may not be given to us, those who shall come after may indeed see 
the lovely vision of the Vrrgo httacta 

The time calls for candid, honest and courageous leadership, a 
leadership based upon truth If we of the Academy contmue to give 
such leadership in our proper field, we shall have done all that is pos- 
sible in preserving for our calhng that freedom of action that has given 
American medicine its high standards and its effective service to the 
public 

This, our Academy, is a structure built by the wise and able leaders 
of our profession of this great city over nearly a century of effort It 
IS a heritage to be preserved with reverence Let us dedicate ourselves 
to this work, this “Scientific Humanism” which, untrammeled, will 
contmue to devote itself to the “sacredness of scientific progress in the 
promotion of human welfare ” 
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ADDRESS OF THE RETIRING PRESIDENT* 

Arthur F Chace 


years ago when I assumed the Presidency of The 
New York Academy of Medicme, I pledged myself to 
accept the challenge of the changing world and to en- 
deavor to lead the Academy to ever greater heights of 
achievement m spite of the difhculaes along the path, m 
a world tom by a devastating war The magmtude of the problem 
served as a stimulus to our best effort, for as Browrung so truly said— 
“But a man’s reach should exceed his grasp 
Or what’s a heaven for ” 

Tomght I shall speak of the past two years m terms of my stewardship 
and give you a bnef picture of the progress made 

The revolutionary forces m society are demandmg adjustment of 
the pubhc health agencies to the new order, with mcreasmg mtensity 
and the Academy is meeting these demands with ever-widemng spheres 
of influence and constructive cooperation throughout its many de- 
partments 

In spite of the insufficient stacks, the impossibflity of procuring 
foreign penodicals and the difficulty m mamtaimng personnel, the Lib- 
rary has earned on with vahant and unbroken efficiency 

In the past two years the Committee on Pubhc Health Relations has 
mamtamed its tradition The most important problems ansmg out of 
the war to which the Committee has given especial attention are The 
progress of the treatment m Veterans’ Tuberculosis Hospitals, the tak- 
ing part m the national mquiry mto physical fimess, the need for which 
M'as shown by the high rates of rejection among the young men called 
for mduction into the armed forces, the standardization of the tr ainin g 
of WACS, so as to qualify them to meet the reqmrements of the A M A 
for vanous types of techmcian after their return to civil hfe Among the 
long hst of Its activities the constructive recommendations improvmg 
the Workmen’s Compensation System m the State, the pubhcation of 
Standards on convalescent care and rehabihtation and the book on 
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Preventive Medicine, are most noteworthy 

At the request of the Council, the Committee on Medical Education 
assumed charge of the mstallation of a permanent drug exhibit which 
serves nvo purposes the medical education of the physician m the newer 
pharmaceuticals and recogmtion of the contribution in research and ac- 
complishment by the great pharmaceutical houses of this country More 
than 2,000 physicians viewed the exhibit durmg the Fortmght period 
and since then the daily attendance has averaged 62 persons The Com- 
mittee has developed means to meet the expected post-war demand for 
post-graduate medical courses It is preparmg for an extension of post- 
graduate courses in mdependent hospitals and is givmg every assistance 
to physicians seekmg such studies The Committee has maintamed the 
high standards of its scientific programs with its Stated Meetings of the 
Academy, the Friday Afternoon Lectures, the Research Meetmgs and 
the Seventeenth Graduate Fortmght 

In all the activities of the Committee on Information there is a com- 
mon denommator which is the Academy’s leadership and the Academy’s 
service to those who are concerned with the education of the pubhc in 
matters of health The Committee’s projected Health Education Dem- 
onstration ^vlll have far reaching effect m gmdmg the in-service train- 
mg of Health Educators Educators are evmcing ever greater mterest 
in the Lectures to the Laity In the past two years the pubhcation of the 
two volumes of the March of Medicme has been enthusiastically re- 
ceived, as has the pubhcation of the two volumes of the transactions of 
the Academy’s Annual Health Educauon Conference The Committee 
has been called upon to review and help compose a very substantial 
number of manuscnpts, which manuscnpts, deahng with important 
health items, are pubhshed m magazines whose individual circulauon 
runs into the miUions The Academy, in this way, is exercismg an in- 
fluence which IS nationwide and of major significance 

In the early part of 1943 the Comrmttee on Medicine and the Chang- 
ing Order was initiated During the past two years it has gathered a 
vast amount of matenal and has thoroughly explored the field of social 
change It has gained the support of a very substantial number of citi- 
zens from every waUc of life and m every major profession One of the 
twelve basic monographs which have grown out of these studies has al- 
ready been published The others are m the process of preparation The 
pubhcanon of the monographs, essays and final reports will, we hope, 
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constitute a worthy contribuaon to the solution of the problem of the 
Changmg Order 

The improvement of the Academy’s economic situation durmg the 
last four years has been a gratifying achievement which made possible 
an urgently necessary mcrease in the services of the Academy In our 
effort to be of service to the official and voluntary health organizations 
we have loaned members of our executive force to the New York 
Tuberculosis Associauon, the Welfare Council, the Navy League and 
the Women’s Army Corps We are happy to announce that from three 
sources, financial support for travehng expenses and honoraria has been 
obtained The Fortnight has been permanently endowed by the gen- 
erosity of Mr R Thornton Wilson The Academy has aided in the 
recruitment and training of practical nurses The By-Laws have been 
amended for the strengthemng and defimng of the position of the 
Academy with regard to medical ethics 

The pattern of man’s life falls mto three domains One m which he 
earns his hvehhood, another m which he develops cultural pursmts and 
the third m which he labors without thought of reward m the service 
of mankind The greatness of a nation can be measured by the amount 
of time and effort which its citizenry devotes to such a service 

Durmg the past two years our Fellows, m addition to their contri- 
bution to the war effort, have given more freely of then time and 
energy to pubhc health, educational and socio-economic interest, not 
alone m this community but m ever widemng cucles, which reach out 
to the state and country as a whole With so many of our Fellows on 
active war service, it is significant that those who are carrying on the 
work at home are servmg m greater numbers than ever before m com- 
mittee work This is forcibly brought to our notice m the Director’s 
report, which shows that 389 Academy Fellows have sen'^ed in over 
203 meetmgs Not alone has the routme work of the committees and 
sections been earned forward at an mcreased tempo, but in the new 
fields of endeavor which have been mioated, all the meetings have been 
fully attended 

It IS a source of deepest gratification to me that m the years of my 
stewardship I should have received unfaihng support and enthusiastic 
cooperation from every member of the Academy family It has been 
a signal honor and pnvilege to work with the unselfish men and women 
m this organization which stands for all that is best m a noble profession 
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The achievements which have been enumerated have been made 
possible through the wisdom and statesmanship of our Director, Doctor 
Herbert B Wilcox It has been a personal tribute to his wise admims- 
tradon, that our splendid staff has given so unstmtmgly of its assistance 
Through his vision the Academy has steadily grown m prestige It is 
fortunate, mdeed, to have a man of such administrative capacity together 
with such kmdhness, human understandmg and unprejudiced judge- 
ment 

The Academy is particularly fortunate m havmg as our next Presi- 
dent, one of Its Fellows who represents the highest traditions of the 
profession, who has had a wide expenence as a clmician, diagnostician 
and educator and who is both a scholar and humamtarian In foUowmg 
Doctor Wilham Worthington Herrick’s leadership m the years to come, 
I am sure that the Fellowship of the Academy ivill see it rise to even 
fuller achievement m the service of humamty 
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THE TREAT iVI ENT OF BURNS 
AND WAR WOUNDS* 

Captain L Kraeer Ferguson, (MC) USNR 

U S Naval Hospital, St Albans Long Island New York 


[E treatment of severe bums is a problem of importance 
m the surgical practice of civil hfe, but because of their 
frequency in warfare, they assume a place of major 
importance for those handhng war casualties Dunng 
a SIX month period m the Solomon Campaign, 364 pa- 
tients with burns were treated aboard a hospital ship, which represented 
about 10 per cent of the battle casualties Burns were often associated 
with wounds and fractures, thus of 364 panents with bums, 103 had 
other injunes in addition 

Bums are frequently the cause of casualties m naval battles and 
operations About 84 per cent of the bums we received arose from 
naval actions, and of the 1229 naval casualties we received every fourth 
patient had a bum These were caused by bomb or shell flash, gasohne 
or oil fires on ships, less often by burning oil or gasohne on the water, 
powder explosions, escapmg steam or boihng water and occasionally 
by electncity Ashore, however, most of the bums were caused by the 
permcious practice of usmg gasohne to hght fires, and less often by 
bomb flash or other types of enemy action In flyers, bums were the 
result of both aerial battles and plane crashes 

The various burmng agents produce their owm types of bums 
Bomb and shell explosions cause an mtense heat m a short-hved flash 
All covered surfaces are protected, the face and hands bemg burned 
in nearly every case In the face, where the slon is fairly thick, the 
flash causes vesication and destmcaon of the superficial epithehum 
The thmner slon of the ears, eyelids and dorsum of the hands is often 
completely destroyed 

Gasohne and oil fires on ships and on land and water produce more 
widespread bums Clothmg often catches on fire, and as a result bums 
involve the full thickness of the skm or all but the papfllary layer 

Read October 17 1944 at the Se\cnteentli Graduate Fortnight of The York Academy of 
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Scalds from escaping steam or water may involve any portion of 
the body, these produce a deep destruction of the skin but usually not 
of the papillary layer 

Electrical burns destroy all of the skin layers and underlying tissue 

Systemic Disturbances in Patients avith Burns 

In the treatment of severe burns, the pioblem is not only that of 
treating the burned area The real problem is rather one of treating a 
patient whose physiologic processes have been markedly disturbed by 
a bum This concept is fundamental because it turns attention from 
the relatively unimportant dressing of the burned area to the extremely 
serious and often fatal systemic alterations that occur with bums 
Shock Of these disturbances, shock is the first and most serious 
It IS believed to account for 6 o to 75 per cent of the fatalities in burned 
patients and for practically all of the deaths that occur in the first two 
or three days after the burn is received In our experience, its develop- 
ment and severity has depended more on the surface area involved than 
on the depth of the burn Burns of certain parts of the body, as the 
face, abdomen and genitalia, perhaps produce shock more rapidly than 
burns of other areas 

The mechanism of the development of burn shock is a combination 
of factors acting in sequence The first is a psychic one and it includes 
pain, fright, apprehension and frantic overexertion which goes with tlic 
production of the burn In severe burns, especially where the burning 
continues over a period of time, as when clothes catch on fire or a 
survivor is surrounded by burning oil or gasoline on the water, this 
factor alone may be enough to cause fatal shock It varies somewhat 
with the temperament of the paoent This type of shock is commonly 
classified as psychic or primary shock 

Secondary shock, which closely follows and even overlaps the 
phase of primary shock, is brought about by an increased capillary per- 
meability resulting in a rapid loss of fluid from the circulation 

The increase in capillar)?' permeability is the result of several fac- 
tors Of first importance is the effect of heat on the tissues Kabat and 
Hedm^ have sho'wn experimentall)?- that sensor)?- impulses from the 
burned area play a role in the production of increased capillary perme- 
ability As fluid loss leads to more marked hemoconcentration, oxygen 
transport is less efficient, and it is probable that anoxia brings about an 
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increase of capillar)’’ permeability m parts of the body away from the 
burned area 

This fluid loss has been termed by Koch“ “white hemorrhage” be- 
cause It really is a loss of the blood volume by a seepmg of blood plasma 
from the vessels into the assues m the bum area A relatively small 
amount of flmd is lost m blister flmd and on the bum surface Most of 
the loss is into the tissues in and for some distance around the bum 
The fluid loss begins at the time of the bum and mcreases progressively 
at an unbelievable rate It is probable that most of the loss occurs in the 
first SIX hours, but it continues for at least 48 hours and probably 
longer The amount of flmd lost may be amazmg Blalock® has shovm 
experimentally that it may equal 50 per cent of the blood volume in an 
animal vuth a bum involving half of the bod)’- surface 

Toxeima The penod of shock, which may be considered to last 
for the first 3 or 4 days after the bum, gradually merges into a penod 
of toxemia characterized by fever, albummuna, hematuna and at times 
by delirium and vomitmg Absorption of toxic breakdown products of 
burned tissue, is held by some to be important m producing the symp- 
toms of toxemia In large part, however, it is due to infection Since 
bums are primarily sterile by reason of the mode of causaaon, infection 
must be looked upon as secondary It may arise as the result of con- 
tamination from the nose, throat or hands of attendant personnel, or 
from unstenle dressmgs or clothmg Infection may become apparent 
about the fourth or fifth day, and is a threat until complete healing of 
the burned area takes place It is frequently the factor that produces 
additional destracaon of the skin cells ^vlth consequent delayed healmg 
MTien bactenal mvasion occurs, metastatic abscesses may appear in parts 
of the body distant from the bum, so that infection must be looked 
upon as a most serious compheanon and the one which most often 
produces fatahties m the later stages of the bum 

The toxemic phase m severe bums is further compheated by the loss 
of the excretor)’’ function of the skin, renal msufficiency and a gradually 
increasmg secondar)’’ anemia As time goes on, the patient grows x\ eaker 
and there is a loss of vascular tone leading to edema, thrombosis and 
embohsm 


TREATiXlENT OF SxSTEMTC DlSTURBAXCES 
A consideration of this bnef summary’’ of the physiologic changes 
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associated with severe bums leads logically to a plan of treatment de- 
signed to overcome or prevent them The psychic shock at the time 
of the bum cannot be prevented, but the contmued pam and appre- 
hension may m large measure be reheved by adequate sedation with 
morphme given at the earliest opportumty The Navy supphes mor- 
phme in syrettes, and usually an mitial dose of Yi gram was given 
Subsequent doses of K gram were given as needed 

Fluid loss may be partially prevented by the early apphcation of 
pressure dressmgs This prmciple, first suggested by Koch, has been 
of great value m our experience In bums of the extremities, elastic 
bandages were apphed over the defimtive dressmg on the bum area In 
bums of the trunk, a scultetus bmder was used to provide pressure, 

There is some evidence that the use of adrenal cortical extract (es- 
chatm) may reduce capillary permeabihty and so prevent flmd loss In 
a few cases, we gave 5 to lo cc doses mtravenously every 6 hours for 
2 to 3 days as suggested by Rhoads, W^olff and Lee ^ This may be an 
accessory agent of some value but should not be rehed upon to prevent 
fluid loss m severe bums 

The most duect and effective means of overcommg flmd loss is by 
replacement with plasma Plasma was available to us m adequate amounts 
m packages so that one unit of 250 cc corresponded to the plasma re- 
moved from 500 cc of blood In estimatmg the amount of plasma 
needed we found the formula of Black^ most convement and accurate 
enough for clmical use aboard ship when numbers of bums were bemg 
treated His formula, 

Hb after bum 5000 cc 


Hb before bum 5000 cc — x 

X = Plasma loss or plasma needed m cc 

assumes that the hemoglobm after the bum bears the same relationslup 
to the normal hemoglobm as the normal blood volume does to the 
blood volume after the loss of flmd caused by the bum We assumed a 
normal hemoglobm of 95 per cent and solved the equation for vanous 
levels of hemoglobm, malong the following table for convement esti- 
mation ofi plasma dosage 
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Hemoglobin 

Plasma 

dose 

95 

250 cc 

(i umt) 

100 

0 

0 

n 

0 

(2 units) 

105 

0 

0 

0 

(3 units) 

1 10 

1000 cc 

(4 units) 


1500 cc 

(6 umts) 

120 

1750 cc 

(7 umts) 

125 

2000 cc 

(8 units) 

130 

2250 cc 

(9 umts) 


Hemoglobin estimations were made every six hours dunng the first 
r\vo days and we were thus able to follow the flmd needs of the patients 
fanly accurately and to give plasma as needed Of course, if large 
amounts of fluids were taken by mouth, this method of estimation was 
not so accurate as at first, but it ser\'^ed as a reasonably useful and prac- 
ticable chnical guide Harkin’s rule of givmg loo cc of plasma for 
every pomt above 45 m the hematocntic reading is not feasible aboard 
ships, because hematocrits are not usually available, and in treating 
bums in large numbers it is not pracacable Berkow’s® method of esa- 
mating the extent of the bum is helpful when a more accurate method 
IS not at hand, but it is not too exact when plasma replacement must 
be done on this basis In using this method, it is recommended that 
1000 cc of plasma be given if 10 per cent of the body surface is 
burned, 2000 cc of plasma if 20 per cent is burned, and so forth, sur- 
face area estimates being mink 38 per cent, lower extremities 39 per 
cent, upper extrermaes 1 8 per cent, and head 6 per cent 

It is important to have some way of estimatmg the plasma loss, be- 
cause the tendency is to give too little rather than too much In almost 
any severe bum, it is safe to give at least 500 cc of plasma (2 umts) at 
once We have given as much as 2,500 cc of plasma and 1,500 cc of 
saline in the first 23 hours after a bum 

Tlie shock phase of bum therapy should not be passed without com- 
menting upon the use and abuse of heat in this connection Expenmen- 
tal evidence and chmcal experience has showm that heat is no longer to 
be considered an effective means of treatmg shock This is just as tme 
m the care of bum shock as it is for traumatic shock Overheating in a 
shock tent produces sweatmg and an unnecessarj'- fluid loss m an already 
depleted paaent We med to make the panents’ environmental temper- 
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atiire one of comfort, nsmg covers or heat cradle as the case indicated, 
but making no effort to apply any additional external heat 

Although infection is probably the most important factor in the 
toxemia of bums, its consideration may logically be held over until the 
discussion of the care of the burned area Adequate fluid mtake should 
be mamtamed, either by mouth or mtravenously if vomiting occurs 
Hemoglobm estimations usually show a rapidly developmg anemia 
which demands repeated transfusions 

The Treatment of the Burned Area 

The care of the burned area should be considered of secondary 
importance except m so far as it helps m the prevention and treatment 
of the shock, toxemia and sepsis of the patient. Much can be done 
locally, however, to influence the ^stemic effect of the bum 

To begm with, those treatmg the burned pauent should do every- 
thmg possible to prevent contammation of the burned area This means 
wearmg masks and maintainmg, as far as possible, a sterile techmque in 
canng for bums To avoid further shock, no attempt should be made 
to do any more than is absolutely necessary to clean up the burned 
area Our practice was to remove loose bits of burned tissue and the 
raised surface of blebs and blisters as carefully as possible with scissors 
and forceps As a prophylaxis against infection, a sulfonamide was used 
locally We have preferred sulfathiazole m micro-crystalline form be- 
cause It is absorbed more slowly and lasts longer (3 to 4 days) on the 
burned area It may be sprayed on with an atomizer to cover large 
burned surfaces rapidly, or apphed as a 3 to 5 per cent water-soluble 
omtment Sterile gauze is then apphed in generous layers and over this 
a firm pressure bandage The elastic cotton webbmg bandage does very 
weU for this purpose, and it should be apphed always to include the 
hand or foot distal to a burned extremity To obtam even pressure on 
irregular surfaces such as the hand, sterile cotton waste was used un- 
derneath the bandage In cases where bums were associated with 
wounds or fractures, plaster casts were often used as pressure dressmgs 
with good results 

Early dressmgs should be apphed with the idea that no further 
dressmgs will be necessary until Ae bum is healed Frequent dressmg 
of burned areas accomplishes nothmg except to open avenues for con- 
tammation to enter Most second and superficial third-degree bums wH 
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completely heal without mfecuon m lo to 14 days if the dressings are 
not disturbed A leakage of serum through the dressmg may call for 
a local re-enforcement but not a complete change of the primary 
dressing 

In third-degree bums with deep destruction of the skin but pres- 
ervauon of the papillary layer, the hquefaction necrosis of the destroyed 
skin IS often mistaken for infection with pus when it appears on the 
dressmgs at about the end of the first week The change of dressing is 
best delayed until the 10th to the 14th day, at which time much of 
the slough will have separated and can be removed by sahne irrigations 
and mechanical removal with forceps and scissors The bum is then 
redressed with sulfathiazole powder spray and pressure as before This 
IS repeated as necessary until heahng occurs Unless there is complete 
destruction of the skm, most bums will heal with this method of ther- 
apy without clinical evidence of infection When there has been com- 
plete destmction of the skm layer, healmg can occur only by the 
ingrovn:h of epithelium from the slan edges This results in a prolonged 
period of pamful dressmgs with much scarring and marked debility 
Early skin grafting as soon as a suitable granulaung base is apparent, 
permits rapid heahng with a mmimal scar, and it avoids the loss of 
M'eight and strength that othenvise occurs 

In the local care of bums, the objective to be achieved is a dressmg 
that provides protection against contamination and against injury to 
sunnvmg cells, a measure of bacteriostasis and pressure It appeared to 
us that a dressmg performed with sterde precaution, with the applica- 
tion of sulfathiazole and pressure, more nearly fulfilled these require- 
ments than any other 

Tanmc acid has been abandoned because it has been shown to 
destroy sunnvmg cells, it sooner or later cracks and so permits infec- 
tion to occur in the sloughmg assue, and it does not provide pressure 
except m circular bums where it may so constrict as to produce marked 
penpheral edema Paraffin Max spray has the same faults except that 
It does not coagulate sun ivmg cells The tnple-dye treatment is un- 
suitable m severe bums for the same reasons 

In se\ ere bums patients occasionally lose m eight and strength rap- 
idly in spite of repeated transfusions and other supportive measures 
Tins IS often associated xwth a loss of vasomotor tone, thromboses and 
1 gradually increasing debihtx’^ and asthenia We tned to counteract 
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these changes by getting patients out of bed early, at first letting them 
sit in a chair for a time and, as soon as possible, gettmg them up on 
their feet, this m spite of fever and toxemia It seemed to us that this 
was worthwhile and we have seen no untoward reactions 

In 364 patients with bums, at least half of which could be classed 
as severe, we had one death due to bums alone One patient died of mul- 
nple wounds, compound fractures of both bones of the lower leg and 
bums received m a plane crash One other patient with multiple injur- 
ies and bums died soon after leaving the ship It seemed to us that the 
death m these two latter cases was m large measure due to their other 
mjuries Most patients were comfortable withm a few hours after their 
defimtive dressmg, and heahng progressed rapidly One patient with 
more than 75 per cent of his body surface burned by hve steam re- 
covered with only minor slon graftmg 

The Care of Battle Wounds 

The mcidence of wounds m battle vanes a great deal with the type 
of mihtary operation so the figures on war wounds vary from theater 
to theater Our experience aboard a hospital ship gave the following 
statistics In a six months period beginmng with the amphibious land- 
ings at Guadalcanal and ending after the Japanese had been dnven 
from that island, 6,807 patients were received aboard, of whom 3,333 
were surgical casualties (These figures represent only patients received 
aboard the ship from the battle area, but do not by any means represent 
the total casualties of the area ) The patients were divided 1,229 Navy, 
1,589 Marmes, and 509 Army, tbs representing a fan cross section of 
both naval and land casualties 

Types of Wounds 

The casualties arising from naval actions were usually produced by 
aerial bomb or naval shell fragments, or by mjunes received from mme 
or torpedo explosions About one m every four naval patients had 
bums In land battles about half the casualties arose from bomb, shell, 
mortar or grenade fragments, and the other half from machme gun or 
rifle or pistol bullets 

Almost aU wounds produced by explosion fragments were classified 
as sbapnel wounds These varied m size from large wounds with much 
loss of tissue to small peppenng wounds They were usually multiple 
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ind appeared jn several areas of the body In wounds from naval shells 
there was also a local bum caused by the red hot shell fragment 

Bullet wounds Avere more often single and often through and 
through When the bullet passed through soft parts without encounter- 
ing bone only a small tract of injury w^as made \'\^hen bone \vas struck, 
however, the deflecnon of the bullet caused a large wound of exit 
with a considerable tearing of soft ussues There w^as a relatively large 
number of through and through wmunds of the buttocks These oc- 
curred due to the fact that the buttocks w'crc often the highest point 
of the body as the soldier or manne crawded through the brush in land 
actions 

In the three thousand odd casualties, 2644 had open wounds, not 
counting the bums By far the majonty of the w'ounds w'cre of the 
extremities, about 67 per cent Wounds of the head and face 6 8 per 
cent, chest 7 4 per cent, abdomen 2 per cent The latter figure does not 
give a tme picture of the number of mtraperitoneal injunes, how'^ever, 
because many w'ounds of the back, loin, buttocks and perineum caused 
mtraperitoneal damage 

Principles or Wound Care 

In anticipation of the handhng of battle casualties, we had formu- 
lated some principles on wkich to base our treatment Briefly these 
could be outhned, as follows 

(a) Measures to control hemorrhage and to obtain hemostasis 

(b) The removal of dead, devitalized and contaminated tissue, and 
of foreign bodies Under this head w e had visualized the neces- 
sity of debridement 

(c) The prevention of infection Under this heading m addition to 
the mechanical removal of contaminated tissue, we had added 
the local and sj^stemic use of the sulfonamides 

(d) The avoidance of further injuty No antisepncs, gentle han- 
dlmg of tissues 

(e) Physiological rest, by the use of immobilizing dressings, splints 
or casts 

<f) Preserx^adon of an adequate artenal curculadon Prevenoon of 
edema by elevaoon and pressure S>TnpatheDc block in cases 
of traumaoc vascular spasm, the use of cold to reduce the local 
metabolism in cases of borderhne xascular supply 
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The care of wounds in warfare, however, requires some modihca- 
aons -of previously held ideas as to how to handle the injuries arising 
from trauma There is no change m the prmaples of ivound care, but 
there is required some thought as to how these prmciples are to be 
apphed m view of new and strange conditions, varied facihties, multi- 
plicity of injuries, numbers of casualties, and the necessity for moving 
the patients with a consequent succession of surgeons treatmg a 
wounded man 

Our first casualties came aboard seven days after they had been 
injured Most of the patients had had little more than emergency treat- 
ment, which consisted of sulfanilamide or sulfathiazole powder m the 
wound and a battle dressmg, many had had sulfathiazole or sulfadiazine 
by mouth It was surprismg to note the relatively low incidence of 
signs of infiammation m spite of extensive wounds There was, of course, 
some sloughmg due to the trauma of the mjurmg agent It appeared to 
us that these cases were received too late for debridement, and, there- 
fore, a conservative plan of treatment was decided upon The patients 
were taken to the operating room The doctor and two or three corps- 
men scrubbed and dressed as for operation, and anesthesia was given 
(usually spmal anesthesia for lower extrermty or lower abdominal 
wounds, and mtravenous pentothal for other wounds that could not be 
handled by local anesthesia) The wound itself was protected by sterile 
gauze and a thorough mechamcal scrubbmg of the slon of the entire 
area was earned out, usmg large quantities of soap and water After 
the skm surroundmg the wound had been cleansed, the wound itself 
was exposed and thoroughly irrigated with sahne soluuon We had 
available sterilized enema cans, to the tubmg of which a large sized 
catheter was attached and used as a nozzle Durmg the imgation of 
the wound, such loose tissue as floated away m the irrigating solution 
was excised with scissors and forceps We removed foreign bodies that 
were easily accessible in the wound and bone fragments which had no 
attachment to periosteum or muscle An effort was made not to pro- 
duce bleedmg m this cleansmg process, and no attempt was made to 
excise the wound or wound tissues In cases m which a small xvound 
was overlymg a large, deep pocket, the incision was extended to make 
it correspond to the underlying wound As experience was gamed m 
the handhng of these wounds, it was found that it was not necessary to 
remove caked sulfanilamide from an open wound as it came aw^ay vuth 
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the slough and necrosis or disappeared with time In a few cases, it was 
necessary to parually remove the caked drug as it acted as a plug in 
the mouth of the wound 

After this consen^auve cleansing of the wound, microcrystalhne 
suLfathiazole in the form of a powder was sprayed on superficial 
wounds, or it was introduced m an aqueous suspension in deeper 
wounds In most wounds, a simple gauze dressing was applied with a 
considerable amount of pressure to prevent edema in the wound area 
or to disperse it if it m as present All large wounds of the extremities 
were immobilized with plaster splints or casts \Vhen the patient was 
taken to the operating room, it was our purpose to give in that treat- 
ment and dressing the definite wound care Unless it was necessary 
because of excessive secretions, the wounds were not dressed again dur- 
mg the patients’ stay on the ship Most of our patients left the ship 
before the end result of their treatment could be determined, but it m as 
possible for us to follow these cases in the hospitals to which wc had 
evacuated them and in a few instances we were privileged to carry the 
patients along until complete healing had occurred This enabled us 
to evaluate somewhat our consen^ative form of therapy It was evident 
that the wounds became clean and free of slough within a period of 10 
days to 3 weeks after injury, and at that nme it was found possible to 
perform a secondary suture in a large percentage of the cases Even 
relatively large wounds could be completely closed if skin excision had 
not been earned out In other cases, it was possible to close wounds 
partially by suture, reducing, therefore, by one-half or more the area 
which had to be covered by skin graft 

Such excellent results seemed to follow our regimen of mechanical 
cleansing, immobilization, pressure dressings and sulfathiazole locally in 
patients who came to us relatively late, that we were encouraged to 
follow the same regimen in early cases It appeared to us that by the 
early local and systemic use of the sulfonamides there was little neces- 
sity for wound excision or extensive debridement 

We received aboard the ship numerous patients upon whom so- 
called debndement had been performed This usually meant excision 
of the wounds with removal of all damaged tissue and loose bone frag- 
ments The resulting wounds were much larger than the original 
wounds No secondary suture was possible and frequently the conva- 
lescence and healing in these patients was prolonged 
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No attempt at suture of battle wounds was made while paaents 
were aboard our ship However, we received a fairly large group of 
patients m whom suture had been attempted from the second to as late 
as the sixth day after mjury In tabulatmg these patients, we found that 
m 190 of these wounds sutures were successful, if one counts as suc- 
cessful wounds showing serum ooze, shght hematoma, and slight redness 
around the suture hne The majority of these wounds were small oug- 
mally, less than 3 cm m length We found that these wounds healed 
without suture m approximately 2 to 3 weeks In 157 sutured wounds 
the entire wound had to be opened because of infection, hematoma, or 
necrosis These usually were large wounds m which a debndement and 
suture had been attempted 

There were certam types of wounds, however, m which wound 
sutur-e seemed practicable Wounds of the face especially fell into this 
categorj^ In our group, we had 35 facial wounds, of which 31 were 
successfully sutured It is fortunate that wounds involvmg tlie face and 
mouth can be sutured successfully almost any time after theu mcepoon 
because these patients have not only to contend with the pain of the 
wound, but they have also a marked psychological disturbance because 
of fear of disfigurement, and m mouth wounds, they have marked de- 
hydration and malnutrition due to the difficulty of eatmg and drinking 
Some of our most grateful patients were those in whom suture of facial 
wounds was successful Wounds of the scalp not involving the under- 
lying bone or bram could also be sutured successfully in many cases. 
Eleven out of 16 scalp wounds healed primarily without infection even 
though they were sutured late In our expenence, wounds did poorly 
when they were associated with compound fractures m which suture 
and apphcation of a cast had been performed Some of our most severe 
infections appeared m such cases 

Foreign Bodies 

Foreign bodies of all sizes and shapes were found, and they vaned 
m number from i to 50 It was impossible to consider removal of all 
foreign bodies by operation, and it was found by expenence that a great 
many of them could be picked out of the wound ivith forceps or hemo- 
stat without anesthesia As the mjured tissues became necronc, foreign 
bodies frequently worked to the surface or could easily be reached 
through the wound 
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Some indications had to be laid down for the removal of foreign 
bodies, and as expenence grew these indications became more defimte 

1 Those which were easily accessible in the wounds were removed 
at the time of wound cleansing 

2 Those which were superficial were removed by a sunple skin 
mcision 

3 Those Mduch, because of their size or position, caused mterfer- 
ence with function, thus all foreign bodies in the jomts were removed 
when possible Large foreign bodies m soft tissues were removed 

4 Those which, because of position, caused pressure on vital struc- 
tures, thus foreign bodies which pressed upon the trachea, upon the 
nen'^es, etc , were removed 

5 Those which developed infection around them were removed, 
and in these cases the removal of the foreign body accompanied the 
mcision and drainage of the infected area 

6 Those which worried the patient because of them presence were 
removed 

Patients were often upset by the knowledge that their tissues con- 
tained shell fragments m a certain area, and wished them to be removed 
The rule was that no foreign body should be removed m which the 
procedure of removal would cause more damage than the presence of 
the foreign body in the tissues Most of the foreign bodies could be 
removed under local anesthesia, relatively few of them showed any m- 
fection about them and in most cases after the application of sulfathia- 
zole mto the wound, the wound edges could be loosely brought to- 
gether with I or 2 wire sutures 

Fracttures 

Fractures occurred in 1,285 3»333 battle casualties More than one 

of every three patients had a fracture, and 46 per cent of the patients 
with wounds and contusions, or almost every other patient, had a frac- 
ture Fractures were observed m almost every bone of the body. There 
were certain characteristics of fractures m mihtary surgery that became 
apparent at once The fractures often involved more than one bone and 
more than one part of the body, as typical examples were patients with 
fractures of both femurs and a radius, femurs and both tibias, disloca- 
tion of the shoulder and fractures of the clavicle, 4 ribs and the os calcis 
of both feet The second charactenstic was that most fractures were 
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i?ompound Of the 1,285 fractures, 1,062 or 83 6 per cent, were com- 
pound A third characteristic was the fact that most of the fractures 
were shatter fractures with marked fragmentation of the bone, but 
without much displacement Often only one of two bones was broken 

The problems of fracture care m battle casualties aboard the Hos- 
pital Ship were varied First, and perhaps most important, was the 
care of the wound, and m compound fractures wound care did not dif- 
fer from that described for other wounds Secondly, the patient had 
to be immobilized so that he could be moved painlessly from shore 
to ship and from ship to shore, and, if necessary, at a moment’s notice 
to lifeboats or liferafts It was apparent then that no form of traction 
which necessitated weights or pulleys could be used Therefore, all 
fractures were treated m plaster, often with the addition of skeletal 
fixation by means of pms or Kirschner v^ires Plaster immobihzation 
was adopted for the further reason that traction was out of the question 
because of the movement of the ship and because of the number of 
cases During one penod there were aboard 22 patients with compound 
fractures of the femur 

Internal fixation was used in only 4 cases In two patients screws 
were apphed to fix fractures of the epicondyles and m two cases of 
fractures of the forearm plates were apphed In none of these was the 
wound sutured. The Roger Anderson apparatus was available for use 
throughout the entire period m which casualties were bemg received 
It was used in only two cases 

Unpadded casts were used m the care of fracture cases Felt pads 
were placed to protect bony proimnences and vasehne was apphed over 
the skm to prevent the hau from sockmg to the plaster No form of 
paddmg was used, however In a few cases it was necessary to spht the 
cast after it was apphed, and m all cases the circulation was carefully 
watched, but no comphcations arose from the use of unpadded plaster 
casts m our hands In order to preserve the cast m patients whose large 
wounds produced profuse dramage, it was necessary to make wmdows 
over the wounds so that absorbent dressmgs could be changed as re- 
quired Although this took away some of the advantages of the closed 
plaster method, it seemed the lesser of two evils, otherwise the casts had 
to be changed because of softemng m a matter of 2 or 3 days 

Chest Wounds 

Chest wounds represented 7 4 per cent of the total wound group, 
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but only about half of these showed intrathoracic injury It was evi- 
dent that the chest cage protected the patient against intrathoracic 
trauma m many of the wounds resulting from low velocity missiles 
Through and through wounds of the chest were not uncommon from 
bullets, and it Avas surprising to note the relatively little intrapulmonary 
damage that was produced in these cases Even the presence of intra- 
thoracic foreign bodies produced few clinical or X-ray findings 

Fractures of the ribs and scapula were quite commonly associated 
AAuth chest wounds In patients with hemothorax it was found that the 
pain and fever were increased by repeated tappings so that it became 
our pohey to resen*e this procedure for those cases m which there was 
d^’spnea or in which mfection Avas suspected Suclting Avounds were 
not common and m most cases they Atere treated by packing and in 
only one case A\-as suture performed 

Wounds of the Abdomen 

\\'ounds of the abdomen represented 2 per cent of the Avound 
group, but It must be remembered that aa ounds of the loin, back, and 
penneum also frequently produced intrapentoneal injuries All of the 
panents A\ho came to us had been operated upon before they reached 
our hands It became apparent from obserA^anon of these cases that 
suture of the aa ounds of the stomach and small gut gaA c a much better 
prognosis than those of the large gut Many of the patients in Avhom 
mtrapentoneal injunes resulted from Avounds received from the back, 
had large retropentoneal hematomas Athich appe-ared to do aatII Avith- 
out drainage Most of the abdominal aa ounds Avhich AAcre sutured after 
operaaons upon the large gut became infected and broke doAvn, hence 
It seemed to us that no effort should be made to close the skm and sub- 
cutaneous tissues in these cases, and aac recommended sutunng the 
muscle and fascia AAith stainless steel wire and AAOund packing foIloAv- 
iug the applicanon of sulfathiazole locally 

k'ASCUUaP iNJUPfES 

In the treatment of battle casualnes vnth large aa ounds. secondarj.' 
hemorrhage not infrequently occurred. We rapidly learned to be con- 
stantly on the lookout for this complication so that immediate treat- 
ment could be given. Hemorrhage occurred in 13 cases, in P. of v.-hich 
it AAas necessary' to tal:e the patient to the operating room for a liga- 
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tion of the bleeding vessel Another vascular injury which was observed 
in 10 cases was pulsating hematoma This was seen most often in the 
thigh, but occurred also m the neck, arm, forearm, and lower leg Be- 
cause of a severe hemorrhage which occurred m our first group of 
panents, we afterwards performed hgation and excision of the injured 
artery and vem m such cases These operations were performed on the 
average from 8 to lo days after injury In our group of cases there were 
5 of the femoral artery, one of the brachial artery, and one of the 
radial artery In none of the cases was there any evidence of any pen- 
pheral artenal difficulty following ligadon 

Gas Gangrene 

Aboard the Hospital Ship, lo cases of clinical gas gangrene, proved 
by culture, were seen Of these, 5 died and 5 lived Two of the deaths 
occurred two and one-half and five hours after the patients came aboard 
the ship and one death arose from gas infection that appeared m the 
stump of a patient who had an amputaaon performed before he arrived 
on the ship Of the other two deaths, one occurred follovung a mid- 
thigh amputation of the lower leg where gas gangrene ivas already 
present, and the other 12 days after injury in a patient whose thigh 
wounds had been sutured the day of Ins mjury Gas gangrene occurred 
m the muscles of the thigh and lower abdomen, and in spite of the wide 
mcision and mtensive treatment, death occurred on the third day after 
admission to the ship 

Gas gangrene as seen m the South Pacific occurred exclusively in 
casualties from land battles It occurred in i o per cent of 3,333 cas- 
ualties, but It was the cause of about half of the mortality m these 3,000 
patients It was characterized by a tension type of pain without the 
production of much gas m the assues In several of our patients, gas 
was not demonstrable in the X-ray There was not the characteristic 
discoloration of the skin, or at least this discoloration was not recog- 
nized when associated with ecchymosis and srvehing Temperatures 
varied between 100° and 102°, and the most charactenstic laboratory 
findmg, aside from culture, was a very high leukocytosis, which ranged 
between 20,000 and 40,000 At operation, the assues presented marked 
edema and the typical brick red coloraaon 

In the treatment of gas gangrene, consen'^aosm agam was pracuced 
In those paaents in vffiom there was an evident disturbance of the 
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blood supply to the part, a guillotine type amputation was performed, 
and for this operauon refngeration was the anesthesia of choice Dur- 
mg the nvo hour period of refrigeration all absorption from the mfected 
area is effectively blocked by the tourmquet, and this tune may be well 
used to give supportive and specific treatment Where there was an 
adequate blood supply, wide incision was practiced with the local and 
s)'^stemic use of sulfathiazole, immobilization of the part, and huge 
doses of gas gangrene anntovin (100,000 to 200,000 units m 24 hours 
intramuscularly) In our series, this was the method of treatment used 
for the five patients with gas gangrene who hved 

X-ray was not used as a method of treatment of gas gangrene be- 
cause the X-ray machines available were not suitable Penicillm was not 
available to us at the time It may be that the use of this therapeutic 
agent will improve results m this type of infection 

Smce returning to the States, penicillin became available as an agent 
to combat infection m war wounds We have had an experience with 
It in a large variety of cases and have seen its almost miraculous results 
It has been used both locally and intramuscularly m the late treatment 
of infected wounds It is apparent that neither the sulfonamides nor 
pemcillin are any subsotute for good surgery The same surgical prin- 
ciples still hold Adequate drainage has to be provided, sequestra have 
to be removed in the same way as before these drugs were available 
On the other hand, by controlhng infection witli peniciUin and the 
sulfa drugs surgical procedures may often be successfully attempted 
which w ould have been impossible without theu: use 

No discussion of the treatment of war wounds would be complete 
without some mention of the systemic treatment of the wounded man 
The use of plasma in generous quantities and its availability in the 
front line aid stations has been the most outstanding advance in the 
treatment of shock m battle wounded This, combmed with morphine 
and rest, are therapeutic measures that have proved their value 

In many patients plasma administration must be looked upon as a. 
stop-gap until whole blood can be given to replace that lost due to 
wounds Little resistance to infection or heahng of wounds can be 
expected m patients with hemoglobm readings of 40 or 50 per cent 
We had a living blood bank in the crew of our ship and transfusions 
were given in liberal quantities until the hemoglobm was 70 per cent 
or over 


144 


THE BULLETIN 


Bed rest, quiet and good food are three other therapeutic measures 
that aid in the rapid recovery from war wounds These can only be 
had outside the battle zone, hence the value of rapid transportation via 
aur or ship to areas of relative safety 

It IS apparent that war wounds are not much different from wounds 
of civil hfe except that there are more of them The surgeon who cares 
for them should remember the dictum of Paracelsus— “Every surgeon 
should know that it is not he, but nature who heals The physician is but 
the helper, who furnishes nature with weapons The apothecary is but 
the smith who forges them The busmess of the physician is therefore to 
give nature what she needs for her battle ” What I have told you to- 
mght IS an example of one effort to solve the riddle of giving nature 
what she needs m her battle for war wounded 
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^5H5H5E5H5H5H.^hen Doctor Jaffe mvited me to take part in this centenary 
meetmg of The New York Pathological Society and to 
share m the program of The New York Academy’s 
Graduate Fortmght, I was greatly pleased Merely to 
have been mvited was sufficient reason for this, but there 
were other considerations In the first place, here was presented an 
opportunity to meet a group of pathologists, only a few of whom I 
could call personal acquamtances, m the second place, the occasion 
offered an enviable opportumty to discuss one of my major mterests 
with a group of cnacal colleagues, m the third place, your Graduate 
Fortnight is one of the few occasions on which pathologists are recog- 
nized for what they really are, students of disease, and are brought 
together with their clmical colleagues to acquire through the medium 
of cnacal reviews a more mtimate knowledge of current problems m 
the science of medicme 

I do not flatter myself by thinking that I can announce to a com- 
pany of this sort a new set of general pathological prmciples which 
underhe the reacaons of tissues to infectious agents Through great 
familianty with disease processes, you all know too well those few essen- 
tial biological responses to strmulaaon which characterize mammahan 
tissues to expect such a thmg of me Nevertheless, through a reexami- 
naaon of certam ones of our well known pathological prmciples, and 
thus, through the exposiaon of a certam pomt of view, somewhat novel 
though that pomt of view may seem to you, perhaps I can pay you at 
least m part for the mce compliment which you have paid me through 
your invitauon to this meetmg 

Read before the Centenary Meeting of the New York Pathological Society in connection with 
the Seventeenth Graduate Fortnight of The New York Academy of M^icine, October 19, 1944 
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During the past fortnight, you have heard interesting and instructive 
accounts of the progress which is being made m the study of certain 
practical aspects of mfecnous disease You have had reviewed for you 
those really amazmg procedures that have been developed for the con- 
trol and, indeed, the cure of such plagues as gonorrhea, pneumonia, 
syphilis, and certam meningococcal and streptococcal infections, per- 
haps, even the arch enemy of the young, acute rheumatic fever, may 
be mcluded m this hst These accomphshments have come through the 
hard thinking and drudging labor of colleagues who no longer put their 
trust in empUTCism and favorable accident, but who, instead, build 
according to plans and specifications dictated by established basic bio- 
logical prmciples In the discussion you have heard, the emphasis, by 
plan, has been placed on the practical and, indeed, timely problem pf 
the specific treatment of specific disease entities produced, as we are 
accustomed to say, by specific etiological agents Under a bombardment 
of this sort, particularly in the face of the urgencies of the times, it is 
natural to think of disease almost solely in terms of the specific living 
tlnngs which we say cause disease and m terms of the specific dose of 
poison, so to speak, which we may administer to those living things to 
dispatch them Bibhcally spealung, our chief ob)ective for the moment 
has come to be the casting out of the parasitic devils' In normal times, 
when there is no msistent O S R D and thinkmg and workmg is 
more deliberate, there is less tendency to forget that, though the earth 
and the firmaments may be asquimi with the seen and the unseen living 
agents of disease, where there is no host for these potential parasites 
there cm be no disease And so, there is some purpose, and perhaps 
momentary rehef, m havmg discussed for you at the conclusion of this 
fortmght that most important factor m infectious disease, the host. 
The one who would attempt to understand disease has his attitude 
towards its problems determined well in advance by his conception of 
the basic nature of disease Since M^hat I propose to say regarding tissue 
reactions m infectious disease is in the nature of an attempt to under- 
stand disease, it is necessary for me to lay before you my own concep- 
tion of the nature of disease before gomg font ard with the development 
of the mam theme which has been selected for this presentation 

I have been able to find no broader attitude toward the problems of 
general biology, a branch of which medicine surely is, than that ex- 
pressed by Claude Bernard, he has put the matter this way 
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the essence of things must al'ways remain unknonxm, 
we can learn only relations, and phenomena are merely 
the result of relations ” 

Being confident that this great man’s mind penetrated to the core of 
thmgs biological, I have been quite wilhng to accept his view that we 
can learn only relations and so have formulated my own conception 
of disease as follows Disease is a matter of the abnormal outcome of a 
constantly changing relation between the ultnmte biological unit, the 
cell, and its enviromnent 

This environmental conception of disease is comprehensive enough 
to permit emphasis wherever it may be appropnate It is sufficiently 
restrictive to enforce propet consideration of all the factors which enter 
mto the relationship It permits of no dissociation of injury and reaction 
to mjury, and it makes of etiology and pathogenesis an entity which 
cannot be disrupted without destruction of the whole concept 

Lest some of you become a bit impatient with this seemingly im- 
practical consideration of the matter, let me show you how this concept 
of disease may be apphed to that large group of important infectious 
diseases characterized by the invasion of the body by the viruses No- 
body questions the existence and the etiological significance of certain 
substances now identified with some of the more typical diseases that 
belong to this group and called viruses, and yet, with one or two 
exceptions, we know virtually nothmg about most of these substances 
except what we have learned by studymg the relation between them 
and the host cell We identify them in almost every instance by studying 
not the virus but the reactions of the host cells to the virus, that is, the 
host-parasite relationship Improvements in techmques may make it pos- 
sible m the future to study the physico-chemical constitution of all of the 
viruses isolated m highly purified states, as already has been accom- 
plished with a few of them, but this would not guarantee us a better 
understandmg of the diseases to M^hich they are related A crystallme 
virus m a test tube is mdeed an important httle cosrmc umt, but that 
intratestubal relationship is very different from the obligate ceU-parasite 
relationship which comes mto being when a virus characteristically takes 
up Its residence withm a hvmg cell In the diseases produced by these 
agents, the physical and biological relaaonship that exists between the 
virus and the host cell is so intimate and so mutuallv essential that, m 
one’s thmkmg, there is no possibihty of divorcmg the agent from the 
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cell, therefore, the study of both the virus and the disease caused by 
the virus turns out to be nothing other than the study of the outcome 
of a very mtimate and complex mtracellular host-parasite environmental 
relationship Under these circumstances, it is only natural m consider- 
ing the nature of the viral diseases to place the emphasis upon the reac- 
tion of the host cell rather than upon the virus which provokes that 
reaction 

Havmg been impressed by the greater importance of the cell reac- 
tions in the viral diseases, I have thought that it would be profitable to 
look mto the matter of the host-parasite relationship which obtains m 
the common bacterial diseases to determine whether or not a com- 
parable situation exists in these infecaons Wherever I have turned for 
materials for study of the problem the outcome has been the same My 
own contmuous study of ever recurring human and animal infections, 
the studies of experimental mfections carried out in my own labora- 
tories and m the laboratories of many colleagues, the critical reviews 
of others who have mterested themselves m the problem and the in- 
vestigations of workers m the basic biological sciences, all, have been 
found to pomt m the same dmecoon In the final analysis, it seems that 
the greatest advantage is gained by using the reaction potentiahties of 
the cell as the keystone m the buildmg of a satisfactory conception of 
disease 

Some of our clinical coDeagues, I am sure, will not accept this 
emphasis without vigorous protest, and their protest has a right to be 
heard They, like we, know that we cannot breed disease-resisang strains 
of human beings as the mtelhgent farmer breeds his cattle and his corn 
They know that they must accept man as they find him They know 
from many trials and errors that what little they may undertalce to do 
in the way of changing the basic reaction potennalities of the tissues 
often turns out badly It, therefore, appears to them to be more practi- 
cal to give first consideration to the extrinsic edologic factors in disease 
causanon It is not difficult to jom in these protests because experience 
has shoivn that at least in a few instances it is possible to prevent disease 
simply by eliminating the parasite from the environment of the potential 
host In some mstances it is even possible to destroy the parasite within 
Its host Along wth our clinical colleagues, we might be content to 
en)oy that chronic optimism which their successes with the prevention 
and treatment of a few of the more spectacular infecuous diseases pro- 
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vides if It were not for that large group of diseases that bedevil us during 
the last half ,of our three score years and ten Our almost complete 
helplessness m the face of these diseases is sobermg, to say the least, 
we need nomiore potent stimulant than that offered by this helplessness 
for a more thoughtful consideration of those internal factors m disease 
causation which, for the moment, we may call the reaction potenaal 
of the cell 

As we shall see presently, no parasitic mfecaon is a simple killmg 
matter such as is the blow of the gmllotme kmfe Whatever the parasite 
may be, the disease produced by it is a time-consummg process That 
which takes place as time runs on— hours, days, months, or years as the 
case may be— as I see it, is determmed almost solely by the cellular 
reactivity of the host As far as I can find out, there are no fundamental 
changes that take place in the parasite durmg parasiuc disease, the in- 
vader remams essenually as it was the day it entered the tissues except 
in so far as it may he altered by the reactions of the host tissues 

If ussue reactivity m disease is as important as 1 have attempted to 
make it out to be, a defimave description of this reacuvity should be 
presented before proceedmg further, otherwise, the whole discussion 
might degenerate mto a mere metaphysical exercise This I shall try 
to do for you briefly 

Admittedly with some danger of over simplification, I have found 
It useful to view the reaction potential of cells and tissues as follows 
WTen cells or tissues are injured they may react m four essential ways 

1 They may submit more or less passively to the mjury and thus 
go through the process of dymg and dismtegratmg 

2 They may react m such a way that they protect themselves and 
other tissues agamst further mjury, thus playmg a sort of automatic 
defensive role 

3 Under certain conditions of mjury they may become so adapted 
through alterations in their functions and structure that they effect a 
compensatory adjustment for losses of function by other related tissues 
and thus make it possible for the mdividual of which they are a part 
to remam in comparative equihbrium with its environment 

4 They may undergo a basic alteration m their reactivity which 
makes therh more highly susceptible to injury by a given agent than 
they ongmally were 

At once it will be apparent to you that the submissive and the de- 
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fensive reactions of tissues are most apt to occur immediately following 
mjury, they usually take place the presence of the specific agent 
producmg the mjury The reaction of adaptation may be immediate 
and direct, but, m its most impressive form, it is a secondary phenome- 
non which takes place after a primary mjury m an entirely different 
btit related tissue has occurred The hypertrophy of the heart muscle 
which results from the mcreased work requirement created by an in- 
jured and mcompetent valve is a good example of this The reacuon 
of sensitization t^es place only under rather specialized conditions of 
mjury, and it is dependent upon actual contact of the cell with the 
injurious agent, its complete development is always delayed 

Here a word of caution is necessary In any given pathological situ- 
ation one may find all four of these basic reaction types represented 
As a rule, however, one of them dominates the situation and thus gives 
a certam character to the disease ennty m connection with which it 
occurs Because of this, it is possible and, as I see it, quite useful to 
classify our common disease entities on the basis of the prominence of 
one or another of the basic reaction types which characterize these 


entities 

In order that this discussion may be brought into more proper refer- 
ence to the occasion I shall now do three things First, I shall focus 
your attenuon upon the environmental relationship n^hich exists betv'een 
the cell and the surroundmg flmds m an area of injury by bacteria, 
this will serve the double purpose of emphasizing the importance of 
the environmental concepuon of disease processes and of brmging into 
rehef a few of the more mterestmg types of cellular reaction Second, 
I shall make a few pertment comments on the somewhat peculiar reac- 
tions of certam ussues wbch are becommg more and more prominent 
as the most probable basis of some of our least-weU-understood diseases 
Fmally I shall make a few comments on the nature and classificaaon 
of infectious diseases especiaUy as determmed by the basic reactivity of 


the tissues j r 

In infectious disease, opportunity is presented for the study ot reac- 
tions which mvolve all kinds of ceUs, those most conspicuously impli- 
cated are determmed by the extent of the mvasion of the infectious 
agent At the site of entry of infectious agents and at all points o 
subsequent localizauon, an environmental situation develops which ^vcs 
nse to ail the basic forms of cellular reacuon The total effect of these 
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reactions may be considered to be resistive and hence, vath reference 
to the mdividual, defensive We call this situation inflammation It will 
serve our purposes to examme this environmental situation with some 
care In so doing, however, we need not undertake a consideration of all 
the important aspects of this vital response of the tissue to mjury 

The presence of an infectious agent m the tissues changes the local 
environmental relationships in one or more of three essential ways 
Fust, It alters the flmd medium m which the cell must hve, second, it 
may give rise to a specific alteration in the basic reactivity of the cell, 
third. It may change the cytoplasmic and nuclear structural and func- 
tional constitution of the cell A few illustrations will help to clarify 
what I mean 

Fust, let us examine the envuonmental situation which develops 
when a type III pneumococcus is introduced mto the tissues of a rabbit 
This animal, as you may recall, usually is not seriously harmed by this 
organism, although a sharp local reaction is provoked In the animal 
which possesses only its natural resistance to mjury by this organism, 
the pneumococcus finds in the fluid envuonment of the host cells all 
Its metabolic reqmrements, and, within the first few hours, it is rela- 
tively undisturbed m its propagation and spread The relatively un- 
restrained growth of the organism qmckly alters the character of the 
intercellular fluids in a profound way Not only do the hving organ- 
isms discharge them products of metabohsm into these fluids, but also 
those organisms which do not survive dismtegrate and contribute them 
own basic chemical substance to the envuonment Smce the basic meta- 
bohc requuements of bacteria and cells are the same, the hving organisms 
create a local cellular nutnaonal imbalance by competmg with the hving 
cells for the nutriments available in the common environment Important 
changes occur also in such factors of the fluid medium as the ionic 
concentration, osmotic pressure, hydrogen ion concentration, viscositv'^, 
et cetera, and, what is additionally sigmficant, these changes may mvolve 
all the cuculating flmds of the host This change m envuonment is 
mcompatible with the normal functions, even the life, of both the fixed 
tissue cells and the freely wandenng cells of the fluid and tissues This 
being particularly true of the capdlary endothehum, the envuonment 
becomes further altered by the excessive transference of fluids to the 
tissue spaces and, indeed, by the extravasation of whole blood Up to 
this pomt the pneumococcus has had its own way with the exception 
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of a restnction of its spread from the area of primary injury through 
the action of certain mechanisms of natural resistance the details of 
which need not concern us at this pomt. But, this local change m en- 
vironmental relaaonships has its general effects The rabbit develops a 
temperature elevation, and, if the experimental endence does not mis- 
lead us,^ therem hes the undomg of the pneumococcus The new local 
environmental situation created by the temperature elevation makes it 
impossible for the pneumococcus to contmue to produce its capsules 
These unprotected organisms then become the victims of leukocytes 
whose normal phagocytic activities previously had been thwarted by 
the barrier which the capsular substance offers to phagocytosis Thus, 
It appears that a change m a smgle factor of the environment of the cell 
results m a complete reversal of the cell-bactenum relationship, and the 
infection qmckly comes to an end 

Infection of a rabbit with a virulent type I pneumococcus pro\ ides 
an excellent opporrumty to study another type of alteration in the 
environmental relationship of cells, one which involves an entirely dif- 
ferent set of factors from that just discussed If this orgamsm be intro- 
duced mto the skin of a non-immune rabbit, the animal develops a 
bacteriemia withm a few hours and dies If the tissues at the site of 
moculation are studied histologically, it will be found^ that the organ- 
isms spread rapidly and diffusely through the tissues as they proliferate 
and that they produce grave mjury to the tissues Phagocytosis of the 
orgamsms is minimal In animals previously exposed to pneumococcus I 
infection or passively immunized, the situation is very different Histo- 
logic study of the tissues of these animals reveals a locahzaaon of the 
bactena and a tendency of the organisms to grow m clumps Further- 
more, there is active phagocytosis of the organisms by the reacting 
leukocytes It is obvious that the immunized animals are effecovely pro- 
tected because they survive the infecuon We know that this is accom- 
phshed by addmg somethmg to the cellular environment which not only 
facihtates phagocytosis but also brmgs about clumping and restraint of 
spread of the growmg orgamsms [There appears to be no interference 
tvith the groMTh and propagaaon of the bactena except that referable 
to phagocytosis and digestion by the leukocytes This is indicated by 
the fact that immunized ammals depnved of their leukocytes die of the 
infecuon just as do the non-immune animals^] This alterauon in the 
fluid envn-onment of the cells appears to be the result of a specialized 
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form of cellular acuvity, that is, specific antibody production [We do 
not know just what cells are concerned m this alteration of the environ- 
mental fluids, but we are assured that those at the site of mfecuon are 
not solely responsible 

In the precedmg paragraphs, emphasis has been placed upon some 
of those changes which take place m the flmd surroundmg the cell that 
are responsible for an alteration m the ceU-bactenum equihbnum It 
was pomted out that some of the changes are referable to the bactenum 
and some to the reactmg cells Next, I shall discuss the second way m 
which entry of bactena mto the tissues gives rise to significant disturb- 
ance m the environmental relationships of the tissues, this consists of 
the stimulation of a specific alteration of the basic reactivity of the cell, 
and It may or may not result m the addition of somethmg to the en- 
vironmental fluid As you may surmise, I refer to the development of 
ivhat we call tissue sensitization 

It IS necessary at this pomt to recall that there are two types of 
tissue sensitization that arise m the course of bacterial infection These 
differ m what appear to be fundamental ways I refer to a) anaphylactic 
sensitization, with which may be included that type of cellular alteraaon 
which underhes the Arthus phenomenon, and b) bacterial allergic sen- 
sitization, the best known example of which is that out of which arises 
the tubercuhn reaction Zinsser® was the first to emphasize the differ- 
ences between these types of sensitization Rich, m his recent mono- 
graph on the pathogenesis of tuberculosis,^ has outhned the matter in 
his Table XVIII which I have taken the liberty to reproduce (Table I) 
For our immediate purposes we need refer to only one of the differen- 
tiatmg features cited m this table, that xvhich relates to the blood serum 
or, more spectfically speaking, to the medium surroundmg the cells In 
the case of anaphylactic and Authus sensitization, the fluid environment 
of the cells is altered by the addition of antibody just as it is m the case 
of immunization of the rabbit to the pneumococcus cited above As a 
result, the envuonmental relauonship thus set up by the infection may 
be transferred from an infected animal to an urunfected one, and when 
the cells of the latter are subjected to contact with the specific antigen 
they react qmte like the cells of the former This situation does not 
prevail m the case of bactenal allergic sensitization The alteration in 
the envuonmental relationship which occurs m this form of sensiGzaaon 
IS referable to a change m the basic reaction potentiality of the host cell 
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THE CHARACTERISTICS OF THE TYPES OF H\ PERSENSIlIVIT-i 
Illustrating the similarities of the nnnpin lactic, Arthus and pollen tj-pes, and tlieir 
differences from the tuberculin tjpe 



Type of 

Hyperseimhvity 

Arthus 

Anaphylac ic 

Pollen 

Tuberculin 

Usual mtnxmum 
requirement for 
estabbsliment of 
sensitivity 

Single parenteral contact with small 
amount of free antigen 

0 -f- -f'' 0» 

Parenteral contact with repeated small 
amounts, or with a single large amoimt, of 
free antigen 

-f 0 0 0 

Parenteral contact wnth intact bacteria or 
■virus 

0, 0 0 +• 

Some of the clin- 
ical effects that 
may result from 
contact of the 
previously sen- 
sitized body witli 
the specific anti- 
gen 

Prompt local oedema, erjdbema, foil by 
haemorrhage, inflammation, necrosis 

-f 0 0 0 

Prompt, evanescent, local oedema and 
erythema 

+ -h « 

Generalized oedema 

+ + + 0 

Generalized urticaria 

+ + + *^ 

Symptoms of astlima (djsp ) or hay feier 
(nas fulness, lacrjmiation) 

+ + + 0 

Prompt, fatal anaphylactic shock 

-f + + 0 

Prompt, non-fatal constitutional reaction 

+ + + 0 

Delayed constitutional reaction, fatal or 
non-fatal 

0 0 0 + 

Delayed and prolonged local mflamniation, 
and necrosis 

0 0 0 + 

Evidence for 
site of action of 
antigen in sensi- 
tized body 

Action 
directly 
on extra- , 
vascular 
tissue cells 

Necrosis of cells on con- | 
tact nitli antigen in vxtro 
(tissue culture) 

0 0 0 + 

Necrosis of cells in avas- 
cular tissue in- VIVO (cor- 
nea) 

0 0 0+ + 

Action on 
capillaries 

Increased capillary per- 
meabibty (local oedema) 

+ + + + 

Necrosis of capillaries nitli 
haemorrhage 

-4-0 0 + 

Action on 

inioluntary 

muscle 

Spasmodic contracbon of 
in\oluntar> muscle m vivo 
and in vitro (Dale bath) 

-4- + +'t 0 . 

Body sensitized to a bacterial protem reacts lij-persensith ely 
to the intact bacteria _ 

0 0 — + 

Passiie transfer of sensitivity readdy accompbshed 

-4- -f 4- 0 


* See te\t for possible exceptions 
f Not tested 

jWitb small dose of anbgen 
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which involves factors that are inseparable from the cell body It is 
especially mteresting to note that m certam types of bactenal aUergic 
sensitization (tuberculin sensitization) the sensitized cells will grow and 
reproduce themselves m normal serum (m intro) and transmit their 
sensitivity to their daughter cells “ This would seem to mdicate a genu- 
ine consatutional alteration of the cell m the course of allergic sen- 
sitization We are reminded, m this connection, of the consatuaonal 
factors that appear to be almost regularly involved in the sensitization 
of bronchial asthma, and of certam food allergies It is the stimulation of 
these anaphylactic and bactenal allergic reactiviues of the cell that I 
wish to call attention to as the second previously cited mechamsm 
through which the mvasion of the body by bactena changes the en- 
vironmental relationship withm the tissues Reference to the accom- 
panymg table tvill show how important the environmental situaaon 
created by hypersensitivity is, especially as it may influence the reac- 
tivity of the endothelium and smooth muscle, that is the vascular system 

I have cited for you some of the essenaal changes that may take 
place in the environmental relationships of the cell followmg the entry 
of bacteria into the tissues particularly as they relate to the composmon 
of the environmental flmds and to the basic reactivity of the cell and 
have suggested to you some of the significant effects of these environ- 
mental changes For the sake of completeness, a few words should be 
said relative to the changes that may occur in the environmental rela- 
tionships through alterations m the structural and functional constitu- 
tion of the cell which are not mimunological My pomt m this connec- 
tion can be made most effectively by reference to the viral and the 
rickettsial infections 

In the viral and rickettsial diseases w e deal with an extraordinary 
form of parasitism which has as its chief characteristic the intracellular 
residence of the parasite Properly to understand these mfections it is 
necessary for one to carry the environmental concept quite beyond the 
level of the cell and to think m terms of the relation between the 
physico-chemical constitution of the nucleus and the cytoplasm of the 
cell as It may be related to the physico-chemical structure of the par- 
ocular agent concerned I have no mtenoon of entering into a discussion 
of this problem for the very simple reason that I know very little about 
It hs evertheless, by way of illustrating my pomt, I can cite for you 
the most important alteraoons m cellular reacovity that arise our of the 
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disturbance in the intracellular environmental situation that is created 
by the mvasion of the cell by, for example, a virus Briefly they are (1) 
mcrease in reproductive activity resultmg in an extraordinary hyper- 
plasia, (2) alteration of the metabolism of the cell in the course of wluch 
specific antibody is produced, (3) profound alteration m the basic 
growth potentiality of the cell resulting m a condition indistmguishable 
from genmne anaplasia, (4) death and disintegration of the cell 

For our cluneal colleagues there is an important pracucal considera- 
tion involved in this matter of intracellular cell-parasite relauonship 
We are all familiar with the ineifecnveness of the treatment of the 
viral and rickettsial diseases by our neiv chemotherapeutic substances, 
the sulfa dru^ and penicillin It is not improbable that the very striking 
difference between the effects of these agents upon the bacterial and 
the viral and rickettsial diseases is due in part to the fact that in the 
latter the therapeutic agent may never reach the parasite for which it 
IS mtended, or, perhaps, it reaches a parasite which is doubly protected 
from the drug, first by the surface constitution of the parasite itself and, 
second, by the barrier of cytoplasmic or nuclear protein which sur- 
rounds the parasite 

Passing now from a consideration of the environmental relation- 
ships of cells as they may be altered by the entry of infectious agents 
mto the tissues and the potential changes in basic cellular reactivity that 
result from these environmental alterations, I shall next say a word or 
two about the somewhat peculiar reactions of certain tissues which 
appear to be particularly susceptible to alterations m their reactivity 
when the environmental relationships become disturbed by infection 
These tissues are the blood vessels and the connective tissue I select these 
tissues for two reasons In the first place, they are concerned impor- 
tantly in practicaUy all forms of mflammauon wmiedtately resulnng 
from invasion by infectious agents and, in the second place, changes m 
the reactivity of these tissues play an essential role in certain delayed 
manifestations of infection the full significance of which is only )ust 

now coming to be widely appreciated u ui a 

I can make my point with regard to the reacnons in the blood 

vessels that are directly and immediately incident to the invasion of 
the tissues by mfectious agents by very brief statements The vascular 
aspects of the inflammator)^ reaction are too familiar to ever}^ one to 
require more consideration The essential vascular reactions re ate to 
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the endothelium and to the nerve-muscle structure The results of these 
reactions are an increase m pemieabihty of the endothehum to all the 
components of the blood— including, it may be emphasized, circulating 
antibody— accompamed, if not actually preceded, by a marked dilatauon 
of the vessels Injury of the endothehum is followed by thrombosis and 
curculatory obstruction, and death of vascular muscle and connecave 
tissue results m hemorrhage These reactions, which are essentially sub- 
missive, are followed by a marked proliferation of endothehum, con- 
nective tissue and even muscle (the formation of granulation tissue), 
essentially a compensatory process All of these reactions and their im- 
portance are so famihar to you that nothmg more need be said about 
them 

Connective tissue we recognize to be the common clay, the fiUer, 
or the matrix of body structure, but, even so, it is composed of poten- 
tially the most highly reactive cells that go into the structure of the 
body Because of this, connective tissue almost always is mvolved wher- 
ever tissues react to mjury Only the immediately killing injuries can 
take place without provoking a hterally speakmg “reactive” response 
on the part of connective tissue cells The two most common reactions 
of connective tissue cells are the two extremes, proliferation and death 
and dismtegration A consideration of both of these reactions can be 
used profitably m the further development of our theme 

In aU destrucave mjunes to tissue, the local cellular relationships 
become quite complex, m this, fibroblasts are conspicuously mvolved 
Let us consider for a moment the situation which anses in the course 
of the formation of a simple bacterial abscess At the margm of this 
lesion, a proliferation of fibroblasts occurs and contmues, so to speak, 
so long as there is need of these cells for the reestablishment of the 
contmmty of the tissues I realize that the conception of need as a stimu- 
lant for the prohferation of tissue cells is an annoymg abstraction, but 
I know no other way of puttmg the matter since nobody really knows 
M hy these cells proliferate The only at all satisfactory reason for the 
groMTh of the connecave tissue cells is a very general one, namely, that 
there exists locally an emuronmental situaaon mvohnng a vanety of 
factors which makes a change m the spaaal, structural and funcaonal 
relaaonships of the survivmg cells necessary if tissue eqmhbnum is to 
be reestablished— that is, if the lesion is to heal [All of this adjustment 
takes place qmte automaacally, therefore, just because the word need 
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has been used in this connnection, it is not necessary to become dis- 
turbed by the conventional fears of a teleological influence creeping 
into our conception of tissue reaction ] 

My chief reasons for selecting this particular reaction of the con- 
nective tissue for discussion is that it provides an opportunity for me 
to comment upon the environmental relationship represented by the 
encapsulation of an infected focus by fibrous tissue proliferation It is 
generally said that the body protects itself agamst mfection by the 
encapsulation or “walhng off” of the infected area by newly produced 
fibrous tissue, a fibrous capsule about an abscess, thus, is said to con- 
stitute an effective barrier to the further development and spread of the 
mfection As I see it, the capsule of fibrous tissue is there not because 
of a need for protection of the tissue, but because the other genumely 
defensive mechanisms (phagocytosis, natural immumty, et cetera) have 
operated so effectively that the mvaders are restramed and eventually 
destroyed, thus creatmg a new local environmental situation which in 
Its turn constitutes a need of an entirely different sort from that )ust 
menaoned, a need for the restitumn of the local tissue eqtiiltbmim 
This is met through the proliferation of fibroblasts at a far greater rate 
than IS the rate of destrucaon of these cells, the result is the encapsulat- 
mg fibrous membrane The formation of the capsule of an abscess, thus, 
is merely the expression of heahng of the lesion and, therefore, is noth- 
mg more or less than the formation of a scar As far as I know, there 
is no mdication that scar tissue is particularly resistant to destruction 
by bactenal action 

In the precedmg comments on fibrous tissue reactions accompanymg 
infection, the emphasis has been placed upon local tissue relationships 
which result either m fibroblastic proliferation and fibrosis or m death 
of connecuve tissue cells A far more interestmg relationship involving 
connective tissue reactions followmg infection and related processes is 
that out of which arises a slow and even sublethal degeneraave (some- 
times qmte dramatically and acutely necrotizing) reaction of the con- 
nective tissue, particularly the reaction of the collagen fibers I refer 
to that peculiar change m the mature connective tissue, chiefly that in 
the blood vessels, m the endocardium and m the membranes lining and 
adjacent to the jomt cavities which we know as fibrinoid or hyalme 
degeneration M^e know ever so httle about the environmental situation 
which gives rise to this reaction, but its effects are quite familiar to us 
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The whole matter is a hve issue )ust now and has been for the past two 
decades The more we learn about it the more apparent it becomes 
that we must go back to the early studies on the phenomenon of tissue 
sensitization to get our leads to its understandmg To follow the thread 
of argument in support of this view of the matter is not possible at this 
time, so I shall ask that you be content for the moment with the sug- 
gestion of the basic idea and permit me to proceed to the concluding 
part of this discussion 

What remams for me to say chiefly consists of a comment on a 
group of disease entities underlying which, we now have good reasons 
to believe, is an environmental situation charactenzed by varying de- 
grees of tissue sensitization to protems, some of which surely are bac- 
terial in ongm 

I have devoted the bulk of what I can say regardmg the reactions 
of tissues following infection to those reactions which can be dealt with 
best at the level of the cell Since, after all, there are very important 
practical considerations mvolved m the study of disease that relate to 
the summation and mtegration of all the cellular reactions, that is to 
the individual reacting as a whole, it will be useful to say a few words 
about types of mfectious disease as they are determined by the reac- 
tivity of the tissues ansmg out of infection 

Basmg our ideas upon die reaction potential of the tissues in the 
face of infectious agents, it is possible to see the infectious diseases as 
falling naturally mto two groups as follows 

Group 1 Diseases m which the conspicuous tissue reaction is direct 
and immediate foUowmg the invasion of the mfectious agent through 
what we all know as acute or chrome suppurative and chronic granu- 
lomatous mflammation Good examples of these are pneumonia, pen- 
tomos, purulent meningitis, and primary tuberculosis 

Group II Diseases m which the reactions of the tissues to the in- 
fectious agents are mdirect and often if not characteristically delayed 
These diseases are chiefly the result of die submissive (alterative or 
degenerative) type of reaction of the tissues to mjur)'^ The typical in- 
jurious agent is an mimlly non-toxic chemical substance denved from 
the infectious agent which becomes highly toxic as a result of the 
development of tissue sensitization To this group of diseases, we have 
good reasons to beheve, belong certam types of bronchial asthma, acute 
rheumatic fever, penartentis nodosa, acute and chrome diffuse glomeru- 


lonephnos, certain types of chronic arthntis, and (perhaps) lupus 
erythematosum dissemmatum Certain forms of tuberculosis, perhaps 
chrome brucellosis, some of the mycoses, and some of the other genu- 
mely granulomatous diseases, with some justihcanon, might be included 
m this group 

I shall not bother you with any further reference to the disease 
enaaes which fall mto Group I smee the problems of pathogenesis they 
present are not novel, though many of them are far from adequate solu- 
tion Nor do I think it profitable to review the essential problems m 
the pathogenesis of those diseases of Group II which are more or less 
accepted as examples of bacterial sensitization Instead, I wish to leave 
with you the suggestion that m the principles mvolved in the patho- 
genesis of those diseases now accepted as arising out of the cellular 
environmental situation created by bactenal allergic and anaphylactic 
sensiGzatioa we may have the key to the understandmg of some of those 
disease entities which soil defy pathogemc analysis Outstanding among 
these IS a group of so-called degenerative diseases The feature common 
to all of these is a necroozmg dismtegration, sometimes very slow and 
sometimes even explosive, of the connective tissue and its embi^mlogi- 
cally closely related substance, smooth muscle This, m some of its 
several histologic forms, resembles strilongly the fibrinoid or hyaline de- 
generaaon that is so characteristic of those diseases which we have good 
reason to believe are related to bacterial or other types of sensitization 
The diseases referred to are (i) eclampsia, (2) bilateral massive cortical 
necrosis of the kidneys, (3) medionecrosis aortae idiopathica, and (4) 
the sphinx of all the so-called degenerative diseases, arteriosclerosis 

In what I have had to say to you, my chief objective has been 
to lay before you a pomt of view Smee a pomt of view is after all an 
abstraction, and abstractions are never easy dungs to deal tvith, with 
the hope of givmg the pomt of view m quesuon some semblance of 
concreteness, I should hke to reduce the matter to a schematic represen- 
tation for you The environmental relaoonship out of which disease 
anses is represented m the accompanying drawing ° The diagram repre- 
sents a complex mdividual separated from the great unlimited external 
environment by a hvmg zone of exchange In the center is the ultimate 
biological umt, a hvmg cell, which is surrounded by a complex but lim- 
ited mtemal environment The prevailmg condition is the state of health 
charactenzed by an eqmhbrium between the factors of the internal 
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environment and the factors of the external environment 

Begmmng at the penpher}^ and passing to the center of the drawing, 
the concentrically arranged zones and M^hat they represent are as fol- 
lows ( I ) The external environment, the unlimited outer umverse — 
In this zone exists the animate and mammate factors concerned in 
health and disease The relative importance of the external environ- 
mental factors m the health equdibnum is presented roughly by the 
length of the corresponding segments of the circumference (2) The 
outer zone of the exchange between the mdividual and the external en- 
vironment —In this zone are mcluded the two outer, hmited, concentnc 
areas m m hich reside certam important factors that influence the rela- 
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non between the individual and the outer world, namely, protection, 
support and exchange These factors are represented anatomically by 
the epithehal and mesothehal tissues (3) The mner zone of exchange 
between the mdividual and the external environment —This zone is the 
area between the two concentnc, shaded circles designated “endothel- 
ium ” In this area are the continuously circulatmg fluids which surround 
the cell Physically and chemically speaking, this is the internal environ- 
ment of the cell, which represents the simplified individual The factors 
which reside m this zone are many, but they all fall mto five major 
groups, excretion, regulation, etc , as mdicated The physical and chemi- 
cal components of this mtemal zone of exchange origmate either in the 
mdividual, that is, m the cell, or m the external environment, as indi- 
cated by the arrow pomts (4) The innermost zone represents the sim- 
plified mdividual, the cell —This zone is bounded by the black circle 
which represents the cell membrane, withm this is the innermost circle, 
which represents the cell nucleus In this innermost zone resides the 
ultimare factor which determmes the balance between the individual 
and the outer environment, this factor is the mdividual constitution, 
which IS determined by the chromosomal and cytoplasmic make-up of 
the cell, that is, by heredity 

In concludmg, I should like to state agam the point of view the 
presentation of which has been the mam objective of my discussion 
Disease is not a simple killin g affair It is a matter of the abnormal out- 
come of a constantly changmg, mfimtely complex relation between the 
ultimate biological umt, the cell, and its environment, and, by corollary, 
the etiology of disease, more specifically speakmg, infectious disease, is 
not cm orgamsTJt, but is a relattomhtp beirweeii an orgctmsnt and a cell 
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MI D 1C A L LI nn 4 R I n S A K D MEDICAL II I S T O R ) * 

GrnTRVnr L Annav 


Mcdicnl libraries plnj nn important role 
m Uic hislorj of medicine, for tlic librarj 
has nh\n\s been tlic parent of historical 
sludv riirongli tlie librarj the records of 
llic past liaac been prcser\cd and instoncal 
rcsearcli made possible Througii tlic hbrar\ 
sucli stud\ lias been fostered and sbmii- 
latcd In earlier daas onU tliosc 'wlio made 
scholarsinp their career had the leisure 
and the ncccssar\ background, while m the 
cloistered halls witli manuscripts chained to 
desks, welcome was accorded to a priNi- 
legcd few Ihe introduebon of printing, 
the publication of texts m tlic semacular, 
tlic anst increase in tlic number and sire 
ol hlirancs has made historical stud\ avail- 
able to cicrsonc 

lime, however, is even now an obstacle 
to nil but the professional historian, and 
it is ns much a problem to most medical 
librarians as it is to the bus\ phvsician 
1 cw can spare more than a fraction of 
tlicir time awav from the pressure of cur- 
rent or routine dubes Yet for tlie hbrarj 
to plav its proper part, time of both medi- 
cal man and librarian must be consumed 
Onlv tlirough sucli cooperation can their 
aims be rcalircd 

In tlic building of a collection of books. 
It IS with the advice of those who arc to 
use them that the librarian can achieve 
the best results Everv librarv, large and 
small indicates in its holdings a line of 
development, but tliis must be coordinated 
witli the needs of iLs readers Every want 
can of course not be satisfied, but each 
suggestion IS welcomed and considered The 
phvsician interested in the historv of his 


speaaltj can better determine the value of 
a contribution to it, while the hbranan m 
reading secondhand book catalogues can 
bring to his attention desirable items of- 
fercil for sale which might be wanted for 
his personal librarv Through sucli jomt as- 
sistance competition maj be avoided and 
the librarian will not duplicate volumes ex- 
pected at a future date to be presented 
to the hbrarj" 

The phvsician, too, can help the librarian 
in a plea for the preservation of the 
memorabilia often carelesslj hidden away 
in homes of tlie famihes or descendents of 
phvsicians Tliese, the records of today, will 
be ns valuable to the historians of this era 
ns the documents of past centuries are to 
those of earher periods Too often cor- 
respondence, minutes of medical organiza- 
tions, documents, diaries, announcements 
and advertisements of seemingly ephemeral 
interest, have been discarded or relegated 
to musty attics The historian realizes that 
tlie most unimportant item may have utmost 
value to the writer of tomorrow, and it 
should be the responsibility of both librar- 
ian and physician to publicize tbe necessity 
of preserving sucli records and depositmg 
them in the librarv The paper salvage 
drive has unfortunatelv swallowed up mucli 
that should have long smee been rescued, 
but tbcrc must be more remaining to re- 
ward the efforts of the persistent Im- 
portant, too, is the attitude of the librarian 
toward proffered gifts The Academv 
Librarv recentiv received extrcmch inter- 
esting autograpii letters of unportant medi- 
cal men of the early nineteenth centurv 
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because a university librarian to Mbom they 
had first been offered was not properly 
appreciative The only possible excuse for 
not welcoming donations of tliat kind is the 
constant problem of every librarj, lack of 
space But surely no additional space wiU 
be granted until the urgency of the need is 
overwhelmingly obvious There are gifts, of 
course, that would be out of place in a 
collection, but a suggesbon of a more 
appropriate depository would convince tlie 
donor that the rejection was not based 
upon a lack of interest, and more fitting 
offers might be forthcoming 

No medical man of the past is so obscure, 
no book, pamphlet, or document so worth- 
less that they merit oblivion Too many of 
our predecessors were not of this opmion, 
much to the loss of the libraries One who 
saw mto the future more wisely than most 
of his contemporaries was the patron of 
the Academy Library, Dr Samuel South 
Purple. On our shelves are hundreds of 
bound volumes of pamphlets which he saved 
from destruction These mclude many 
American medical theses, a large number 
pubbshed before 1800, contnbubons by 
Samuel Bard which are of some rarity to- 
day, articles by Samuel Latham, MitchiU, 
Benjamin Rush, David Ramsay, Charles 
Caldwell and others, besides eighteenth and 
early nineteenth century tracts by Enghsh 


writers 

I would hkc to quote from an address 
delivered by Dr Purple before the Acad- 
emy in 1877 * His words may be familiar to 
some of you, but surely they bear re- 
peatmg. 

“A- popular error exists in the profession, 
and It has done much to retard the estab- 
lishment of a good reference medical library 
m this dty There are not a few who be- 
lieve that only the best books and latest 
editions are worth preserving This idea 
has tended greatly to retard the growth 
of our own Library durmg even the post 
two years No book or pamphlet is worth- 
less, every waif from the mental laboratory 
of the practical physician contams a fai^ 
or, it may be a statement of facts, whiA, 
however darkly concealed or by 

pecuharities of language or descripbon, will 


ultimately be unearthed, and sene the 
genius of practical medicine or medical his- 
tory In dlustrabon of tlie trutli of this 
statement, witness tlie recent disclosure 
which your speaker made, first in the Sec- 
tion on Obstetrics and tlie Diseases of 
■Women and Children, and afterward in this 
Academy, that more than a century since, 
Drs Colden and Bard described here 
epidemics of diphtheria — the scourge of 
our aty in these dajs 

“The description of tins disease by Dr 
Cobden, in 1763, lies concealed m a some- 
what scarce and neglected publicabon of a 
long smce extinct medical society of Lon- 
don, whilst the descripbon of the epi- 
danic of this disease in this city, m 1770, 
b} Dr Samuel Bard, is contained in this 
httle brochure which your speaker rescued 
from the press-box of a second-hand paper- 
dealer in this city »» transitu to the maw 
of a paper-mill Its former owmcr had sold 
it for the eighth part of a cent, or at the 
rate of two cents per pound 

“Will any Fellow of this Academy, from 
this time forward, despise the day of small 
things, or consign to collectors of rags or 
paper stock the pamphlets, or old ediUons 
of medical works, which he may weed from 
his hbrary or garret? "Will not aH bear in 
constant remembrance that here, in this our 
own Medical Home, wdl be gratefully re- 
ceived and carefully treasured every tract, 
pamphlet, book, manuscript, engraving, por- 
trait, small or great, which may be 
donated?” 

The Academy Library cannot show grati- 
tude enough to Dr Purple His efforts in 
salvaging medical material are not his only 
contnbubon His library, which included 
5,000 volumes of American medical jour- 
nals, was bequeathed to the Academy and 
served as the nucleus of the coUecbon His 
notations, sometimes m separate manu- 
scripts, are of great use to us today One 
volume IS consulted frequently by those 
interested either in the first years of the 
Academy or m the New York medical men 
of that period On each page is the name 
of a founder of the Academy In Dr Pur- 


> Purple, S 
1877, pp 


S Medical libraries 
18 19, 25 26 
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jilc •' li tnd nrc liricf liingnplnc il notes, ref- 
cr^Iuc^ to obituaries or other liiogrni'liicnl 
tbctrlics 00(1 occnsiontilh newspaper <Jip- 
jiings containing obituaries Some gi\c 
scnnt\ informnllon, but rm\ cite Uic onl\ 
record we possess of tlie men in quesbon 
Ollier of bis manuscripts include biographies 
of "ell known plnsicinns, a short bibliog- 
rnpli\ of American doctors and llieir "nt- 
ings, n bibliographical account of the medi- 
cal periodical literature of the United 
States, a tbronologicnl list of medical 
jicriodicals In his own librars covering the 
\cars 1797 to 1857, and a list of organizing 
mciiibcrs and Presidents and Vice-Presi- 
dents of the Medical Societj of the State 
of New 1 ork 

I c" plnsicians todav have Dr Purple’s 
leisure or lus devotion to the world of 
books, but the far rcacliing effects of Ills 
services to this Librarj can indicate to 
those interested in medical libraries or 
medical Iiistorj, patlis along which thev 
might choose to follow 

The building of a useful coUcebon, is 
of course onl> half tlic battle The value 
of anj collection can be judged solelv bv 
its use, and since the number acbvely in- 
(cresied in the historv of medicine is small, 
the resources of tlic librorj of medical 
hisiorv nrc seldom fullv ublized The hbrarv 
can plav a large part in stimulating the 
studv of historv, although discouragement 
mav often be the reward Statesmen, eco- 
nomists, law vers, militarv strategists, must 
have knowledge of the historv of theur pro- 
fessions, but the majoritv of scientists feel 
tlinl onlv the new is worthv of attention 
\ few vears ago an editorial in the bul- 
letin of an English hospital noted that a 
recent pft was the onlv book on the his- 
torv of medicine in the hospital hbrarv 
md remarked tliat it would be well to 
add a few more of the standard works and 
to introduce a few lectures on the sub- 
icet Tins mild suggesbon provoked an im- 
mediate response in which the writer in- 
vcigiicd against invcsbng “bmc and energv 
in a subtext tliat did not give a profitable 
return ” He said, “There can be no pos- 
sible use in k-nowing anvthing about Bright 
or \ddison or Lugol, nor in anr of the 


dilettante frills that so please tliosc who 
jKis'.uss them” this ittitudc is iinfortun- 
alclv shared bv manv, and the librarian 
who mcclb it frcqucntlv must wonder just 
how iiiucli time mav be spared for sucli 
'dilettante frills,’ and how far he should 
go in trv ing to arouse interest in them 
It is obvious tliat those who arc stronglv 
against liistoncal studv arc not apt to be 
influenced bj anj efforts in tliat direction, 
but there are tliose who, although thej 
favor having an historical collection, feel 
tliat old volumes are mcrclj curios or 
museum pieces, relies of an ignorant past 
llicse and the medical students make up 
the audience that might be swaved, might 
profit bv having historical material brought 
to their attenbon As m advertising, “eje 
appeal’ IS surelj the most successful bniL 
Tlie man who passes unheeding bv the carc- 
fullj prepared exhibit which took hours 
of studv and research, will pause before 
n small display arranged in a prominent 
spot witli suitable illustrabons and not too 
much text New accessions maj be shown, 
or descriptions of them mimeographed and 
circulated, such as Dr McDaniel’s informa- 
tive and dcbglitful “Fugitive leaves’ Re- 
cent gifts should receive proper pubbaty 
Reprints of articles by members of the or- 
ganization mav awaken the interest of their 
colleagues Accounts of the activities of 
other organizations maN also provide incen- 
tive Dr Sigenst in lus report of the ac- 
tivibcs of the Institute of the Historv of 
'\Ied3cjne for ISiS/kl-, describes their ex- 
hibits for that vear He lists three types 
the scientific exhibits, the montlilv student 
exhibits which correlated the historv of 
medicine with crurrent events, through such 
subiects as Salerno in medianc, Sicilv in 
medicine, etc., and the book of the week 
exhibits which showed cither a new book 
of parbcular mterest, a new accession, 
or a pubheabon of a member of the facultr 
Everv hbranan cannot fmd the bme for 
sucli a varied program, bnt surelv some 
effort can be made in that direction 
The real work, of the hbranan, however, 
should begm with the new enthusiast 

f-orf-jicl farrttf, 1940, vol 38, pp 
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Whetlier medical student or practismg 
physician, the novice in the field of his- 
tory IS in need of assistance which the 
librarian can easily supply The casual stu- 
dent may be satisfied vitli a few readable 
lolumes The serious student, and there 
■will neier be many, must go on from there 
The first thing he must learn is the im- 
portance of origmal sources He must be 
taught to consult them wheneier they are 
available He must be made to realize 
that no historian is infallible, that no 
source but the original is to be rebed upon, 
that every fact must be documented, that 
every bibliographical reference must be 
clear, complete and specific, citmg author, 
title, unprmt, volume and page. Above all 
be must learn the necessity of accuracj 
Dr Sarton writes, “The mam point to em- 
phasize is that accuracy is as funda- 
mental m the historical field as in the 
scientific one, and that it lias tiie same 
meaning m botli fields Most of tlie 

historical work done by scientists untrained 
as historians is published without means 
of verification, that is, with msufficient or 
imperfect references, and witli so httle ac- 
curacy that it IS useless for later scliolars 
Such work is obviously a waste of 
time for all concerned It can add nothing 
to our knowledge Dr Sarton does not 
add that later scholars may not be the 
only sufferers, for the historian himself 
may at a future date ■wish to check his 
sources Then he must retrace his steps, a 
difficult and time-consuming chore after a 


lapse of tune. 

Tlie ne.xt step for the beginner is to be- 
come famihar with the necessary reference 
tools Here, too, the hbranan can render 
the utmost service For a ncli heritage 
awaits the medical historian Historv, 
biography, bibhographv In each field mes- 
cal men hare left enduring monuments No 
subiect has been more thorouglilv covered 
In the field of bibliographv it is outstand- 
ing In fact, the father of bibliographj was 
a nlnsician The handsome fohos containing 
Conrad Gessner’s cxtraordmarv work were 
pubbshed in 1645 and 1648 Today thev 

” r i 1 The ifiiA of the histor\ of 

Ca^bW,W, me. PP ion, 46 


stand upon our shelves, not alone as a 
tribute to Gessner’s industry, but also as 
useful books of reference, llie Bibliotheca 
vmversaltSj covermg aU existmg literature, 
is no simple hst of authors and titles, but 
an annotated catalogue often giving brief 
biographical notes, detailed contents, quota- 
tions from the authors’ prefaces, the ini- 
prmt, the number of chapters, and the 
source of his mformation He may indicate 
that a volume was noted in Champier’s De 
senptonbus medianae or in Tntheim’s 
Gatalogm ecclesiasUconm scriptorum, or 
he may mention the particular library In 
vvhich he exauuned a copj of the book 
in question Bibbograpliers of todaj can 
look witli awe upon this tremendous com- 
pilation 

Gessner was succeeded by medical men 
of equal industry w'ho confmed their at- 
tenbon to tlie subject of medicine Manget 
who brought out many large volumes in 
the early eighteentli century often quoted 
extensively from the original texts Haller 
later m the century cited obscure texts 
and scarce editions overlooked by other 
bibbograpliers Ploucquet m 1798-9 prov ided 
an extensive index of medical bterature 
by subject, including references to case 
lustones m the sixteenth century ConsiUa 
and to articles in tlie early scientific jour- 
nals In the years 1830 to 1845 appeared 
a thirtj -three volume catalogue of recent 
medical pubbcations, arranged by author 
and compiled by the Danisli phvsician, Cal- 
liscn 

These are but the most outstanding 
ncliiei ements in medical bibliograpln There 
are manv others over the centuries which 
make contnbubons to the subject To- 
gether tliev comprise n vast amount of 
valuable material, material wbicli has neces- 
sarily lost some of its glory in the shade 
of the work most vital to anv medical 
hbrarv, the hidex-Catnlogne Billings mav 
be remembered as the last of the giants of 
medical bibliography, for through his efforts 
and those of his successors at the Vrmv 
Medical Library no one need embark upon 
the impossible task of listing the e'er In- 
creasing and voluminous mass of medical 
literature Todav bibliographers can bmit 
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themsehes to subjects of less general scope, 
such as the detailed descnptions of editions 
of the nrlUngs of one author, so weU ex- 
emphfied in the books b> Dr KejTies, Dr 
Fulton and Miss Doe, or of one specific 
subject, sucli as Schmid’s bibliography of 
pathological anatomy 

Medical history and hiographj have been 
no less well seriecL As Dr Malloch has 
pomted out^ it is only -nhen the medical 
historian miestigates subjects outside lus 
particular field that he can appreciate the 
last bibliographical and historical resources 
of his own The novice maj well be be- 
mused and bewildered when he is faced 
with this literature for the first tune, and 
the librarian is needed to show the wai 
Obiiously no catalogue, howeier detailed, 
can offer adequate descriptions The 
catalogue must be supplemented by the 
bbrarian’s famibaritj w ith the contents of 
lus collection, bj his mtimate knowledge 
of the lalue of different \olumes and 
bj his imagination, a quality which should 
never be underestimated m historical re- 
search Imagination and persistence are the 
most necessary qualities for both hbranan 
and historian Imagmation can direct them 
to the less obyious sources where the 
needed information maj lurk unsuspected 
Persistence spurs tliera on when the dis- 
couragement of unsuccessful search fails to 
turn up a small but important detad For 
the true historian reahzes that history is 
but the amassing of one small fact after 
another, dull perhaps to the facde inter- 
preter who is satisfied to base his calcula- 
tions upon the work of others But the 
historian knows that the discoiery of anv 
fact, no matter how msignificant, is an in- 
disputable contribubon He knows, too, that 
the pursuit of sucli a fact may entail a 
chase as interesting as that of a detectne 
in search of a criminal or tlie hunter in 
search of his pre\ It is in giuding his 
initial steps along these Imes tliat the 
librarian can best serve the historical col- 
lection 


Bulletin of the Johns Hopkins Hospital 1930, 
vol 46, p 61 


In makmg plans for the post-war world 
we hear so much about, it is clear how 
the librarian can chart the proper course. 
The phjsician, too, can look ahead It is 
to be hoped that in peace time more medi- 
cal schools wall offer courses in the historj 
of medicme, or if not, that courses on 
various medical subjects maj be intro- 
duced by historical summaries Then the 
professor can urge his student to visit 
the historical coUecbon, perhaps even to 
write a brief paper on some specific phase 
of the subject The more specific his topic, 
the more wdl he learn, the more fully can 
he treat it. In this waj, and with the 
librarian’s help, the student becomes farm- 
bar with the historical books and their use. 

Some method should be devised for the 
rousing of the phjsician as well as the 
student A most profitable and workable 
solution might be tbe organizabon of a 
board of consultants, a board composed not 
of two or three men, but of a larger group, 
on whom the libranan could rely for oc- 
casional assistance A physiaan might be 
selected from each medical specialty, one 
who had some mterest in its history The 
librarian would then be able to turn to 
members of this group when emergencies 
arose, and tbe men would surely feel ac- 
tive partners in the development and op- 
eration of the hbrarv This is as it should 
be I am sure that many physiaans would 
be glad to give of their time and knowledge 
but hesitate lest the hbrarian resent in- 
trusion or critiasm, whde the hbrarian 
often feels presumptuous at the thought of 
mterrupting a busy man’s practice. 

The medical hbrary exists for the medi- 
cal man and he should learn that the more 
he contributes to it, the better it wiU serve 
lum The historian, completely dependent 
upon the hbrary for his tools should be 
even more aware of this Mutual effort on 
the part of physiaan and hbrarian can 
achieve our ideals, but neither one nor the 
other can succeed alone, and this should 
be given due thought in our many plans 
for the not too distant future 
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-Shex, as the result of much study and discussion, the 
[g caxdmal features of a chmcal picture have been clearly 
Vv S defined, there comes a time ^^hen some of its less com- 
^ mon aspects deserve menuon And often, after attention 
SHsasrESasssasS has been directed to these vanants from the usual pat- 
tern, It appears that, after all, they are not such rare occurrences as was 
at first beheved 

Coronarv' heart disease, m most cases the result of atherosclerosis 
of the coronary artenes, has mdeed been a topic of mdespread mterest 
durmg the past quarter of a centur}'^ Its frequency has commanded 
respect Alany of its more dramatic sjnnptoms are famihar not only to 
the physician but also to the well-informed la)Tnan In stressmg the 
diversin* of its manifestations, I lay no claim to novelty Examples such 
as those to be descnbed and which sert'^e as a basis for comment have, 
I am sure, been observed by many others 

In his book, titled “An Introducaon to the Study of Physic,” M’ll- 
ham Heberden,^ better known for his classic description of angina 


Read at the Annual Meeting of The Xcw York Academy of Medicine, January 4, 1943 




Fiff 1 -Case 1 Electrocardiograms of a woman, aged 71 years, with hyperten- 
sion and mild svmptoms The alterations in the form of the complexes are striking 
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pectons, offers this suggestion “Whoever would make a due use of his 
attendance on hospitals must be at the pains of wntmg down the history 
of diseases and the method of cure, that he may have a fair view of the 
case after it is ended, and to fix it deeper m his memory ” It is with 
these simple aims m mmd that the notes which follow have been 
compiled 

Case Reports and Comments 

Case 2 Mrs A was first seen at the age of 67, four and a half years 
ago She had been remarkably healthy and led a pleasant, comfortable 
existence She had been aware of the presence of hypertension for eight 
years and for slx months had noted palpitation when nervously upset. 

Examination showed a small, slender woman with moderately 
marked retmal sclerosis The heart was not enlarged The sounds were 
of good quahty and a famt systohc murmur was heard at the apex, as 
well as at the aortic area The blood pressure was 198/102 There were 
no signs of congestive failure The electrocardiogram showed left axis 
deviation, mversion of T 3, and an occasional auricular premature beat 

The patient fared remarkably well for a penod of three and a half 
years durmg which the systohc pressure ranged from 212 to 174, the 
diastohc, from 104 to 74 She led a normal hfe, avoidmg undue exertion 
and taking an adequate amount of rest. On December 2nd, 1943, she 
returned to New York after havmg spent two weeks m Boston where 
she attended an operation performed on her sister Although not 
fatigued, she was aware of havmg gone through a trying experience 
The blood pressure then was 206/96 The electrocardiogram, for the 
first time, showed shght changes, m Lead 2 the T wave was mverted 
and m Lead 4F, R was small and S deep 

On January 25th, 1944 (eight weeks later), she reported that she 
had been very tued after her Christmas shoppmg and had gone to bed 
for a week durmg which she had slight fever She called a physician 
•who thought she might have a cold, but the patient herself was sure 
that she did not. There was no pam m the chest, her chief complamt 
Was that she felt completely “done m ” She was told that durmg this 
episode her blood pressure fell to 170 Smce that tune, she had had a 
good deal of achmg pam m the left arm which she thought was 
rheumatic 

The heart rate was 72, the rhythm was regular The blood pressure 
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was 202/96 Measurement of the transverse diameter of the heart in the 
orthodiagram showed an mcrease of a full centmieter compared to vdiat 
it had been on December 2nd, 1943 The electrocardiogram shoved 
striking changes, with deep inversion of the T wave m all leads (Fig i ) 
The leukocytes numbered 5,600, of which 62 per cent were polymor- 
phonuclears The sedimentation rate of the erytlurocytes (Westergren 
method) was 15 mm m one hour She was sent home and placed under 
nursmg care 

Durmg the next three weeks she was kept in bed There was no 
discomfort m the chest at any tune, nor was there any elevation of tem- 
perature The blood pressure was mamtamed at approximately the levels 
already noted Durmg the first few days, the cardiac rhythm was ir- 
regular due to premature contractions At the end of four weeks she 
resumed her usual activities There have been no further upsets 

There was a strikmg discrepancy between the mild symptomatology 
and the marked changes ui the electrocardiograms Regression of the 
deformities m the complexes was slow but complete, and about seven 
months after the short febrile illness, the record resumed its previous 


form 

Coimnent In this case, the electrocardiographic changes suggested 
a wide area of cardiac mvolvement, yet discomfort was shght and the 
paaent was ambulatory for at least three weeks before she thought it 
worth while to report for exammation It seems probable that one or 
more coronary branches became occluded without the formaaon o a 
large area of infarcaon Healing apparently was exceUent 

Inversion of the T wave in aU of the three standard leads of the 
electrocardiogram is a relatively uncommon occurrence It is observed 
most frequently after acute coronary occlusion but may be found m a 
vanetv of other cardiac disorders A few instances have been noted in 
which there was no demonstrable heart disease In sixteen cases with 
this electrocardiograpbc pattern and symptoms of hypertension an 
coronary insufficiency during bfe, the heart was exanuned at autop^ 
by Barnes and BurcheU " The usual findings were hypertrophy, set ere 
canary sclerosis and patchy fibrosis of the myocardium 

Case 2 iMr B , a busmess man, aged 45 years, was fir 
July .938, complaining of precordial pain and a heart m^ux B«h 
iele te noted ttvo years previously The pain was dull and often 
tinrelated to exertion There was no radiation to either arm 
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Fig 2 -Case 2 Electrocardiogram of a man, aged 61 ^ears lliere is ^erJ sliglit 
conca\ itj of the RS-T. segments in Leads 1 and 2 Sudden death occurred one month 
later, ns a result of fright 


Physical examinaaon was negative There M'as no rennal sclerosis 
The heart sounds M'ere clear The blood pressure was 134/86 The 
electrocardiogram showed very shght concavity of the RS-T segments 
m Leads i and 2 He was obese and was advised to lose weight He was 
asked to return if the symptoms persisted 

He was not seen again until October nth, 1944, more than six 
years later Apparently for two years after his first visit, he was quite 
well, then, four years ago, the pam returned with mcreasmg seventy 
and frequency He could only walk one block without stoppmg to 
rest Excitement at the race track caused the most intense discomfort 
There was noiv radiation to the arms He bad not used nitroglycenn 
Roentgenologic exammation of the gall bladder, made several years 
previously, revealed sluggish emptv'^ing but no stones He did not smoke 
and because liquor caused him to flush and made his heart beat rapidly, 
he took It rarely 

Exammaaon shoii ed a loss of sixteen pounds m -weight in the past 
SIX years The heart was not enlarged The sounds were clear The 
blood pressure was 128/84 The electrocardiogram shoved left axis 
deviation and agam, vety slight concavity of the RS-T segments in 
Leads i and 2 (Fig 2) The record was similar to the one taken at 
the time of his first i isit 
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It seemed clear that this man’s discomfort was due to coronary 
insufficiency and a smtable regimen of activity and rest was outlined 
Exactly one month later, the pauent’s death was reported in the 
newspapers His body, fully clothed, was found on his bed, where also 
lay his wife’s jewel case This had been forced open and several of the 
larger pieces of jewelry were missmg In the hvmg room of the apart- 
ment, drawers of desks had been pulled out and the contents scattered 
about the room The hquor cabmet had been opened and two bottles 
were lymg on the floor Chairs on the terrace had been overturned Ac- 
cordmg to the New York Times, while the pohce were trying to 
determme the facts, the detecuve captam m charge stated that “Mr 
B may have come home and seen a burglar or evidence of a burglary 
and probably suffered a heart attack” Apparently this is precisely 
what happened 

The essential findmgs at autopsy were supphed through the courtesy 
of Deputy Chief Medical Examiner B M Vance There was no evi- 
dence of external violence The heart was not enlarged There was 
marked sclerosis of both coronary arteries with calcification and ex- 
treme narrowmg of the mam branches The myocardium showed 
patches of fibrosis There was neither recent thrombosis nor cardiac 


infarction 

Covnnent This is an mstance of acute, fatal coronary insufficiency 
m which sudden death followed an mtense emotional experience ® The 
lack of important signs of coronary heart disease durmg life is note- 
worthy although the symptoms were characteristic This man hteral y 


was “scared to death ” , r u 

Case 5 Mr C, age 73, gave a story of substemal pam for three 

years This occurred on walkmg m the wind or after a meal and dis- 
appeared promptly on standmg soU He had never taken m^troglycenn 
for rehef One week before his visit, after breakfast, he h^ a more 
severe pam than usual which persisted for about two houB There was 
no radiauon to the arms On the mommg of his visit, he had a similar 
pain, also lasting for several hours, this had not entirely dnappeared 

when he presented himself for exammation 

There was sbght retmal sclerosis The heart was normal m size on 
nercussion The sounds were distant and the first sound at the apes 
Ls reduphcated The blood pressure was 126/68, which he sta e 
was his umal level Fluoroscopic exammation and an orthodiagrap c 
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Fjg 3 -Case 8 Electrocardiogram of a man, aged 73 jears 
The record is within the range of normal He died twenty- 
three hours later of acute coronarj occlusion 


tracing showed no cardiac enlargement but the left ventncle was full 
and rounded The electrocardiogram (Fig 3) showed no significant 
changes The erjofirocyte sedimentaaon rate was 13 mm m one hour 
(Westergren method) 

The patient was advised to go home to bed He felt so well that he 
v’^allced several blocks to a druggist’s shop to fill a prescnption 

After a comfortable mght, the pain recurred at noon on the next 
day It was persistent and increased m severity A state of shock soon 
developed and he died two hours later and twenty-three hours after 
the electrocardiogram was taken Although an autopsy Mas not per- 
formed, It seemed clear that occlusion of a large coronary branch "was 
responsible for the terminal episode 




Kifr 4 -Case 4 Series of electrocardiograms of a man, aged CO ^ears when firs 
cfpn There are frequent and marked changes in form, hut tliroughout this peno 
of three and a half \ears, he has been actne and entireh free from discomfort 
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Covniieiit In tins case, it is probable that actnely progressne 
changes w ere taking place in a coronary artery’’ for at least a w eek In 
spite of this fact the electrocardiogram, taken less than r\\ enn^-four 
hours before death, afforded no clue to the impending closure 

Case ^ Mr D , a lawyer, ^^as first seen at the age of 60 in March 
1941 There were no symptoms referable to the heart He had recently 
been in a hospital for hemorrhoidectomy and at that time, an ele\ ation 
of blood pressure was first noted For this reason, he was referred for 
more complete examination 

There was moderate retinal sclerosis The heart rate M'as 76, the 
rhythm was regular The sounds were strong and clear The blood 
pressure was 182/106 The electrocardiogram showed slight left axis 
deviation but was otherwise not remarkable Measurement of the 
orthodiagram show^ed enlargement of the heart, chiefly to the left, and 
moderate, diffuse dilataaon of the aorta 

Tlie patient w^as seen at frequent interv^als during the next tliree 
and a half years He never had discomfort of any sort He continued 
as a pracasmg lawyer but shortened his hours of w ork and rested for 
an hour each day after lunch He played golf regularly, both at home 
in the summer and in Flonda m the wnnter He danced moderately In 
June 1944, he recovered from an attack of primary atypical pneumonia 
w'lthout any cardiac disturbance 

The senes of electrocardiograms pictured in Fig 4, show's changes 
w Inch, taken by themseh es, w ould lead to the belief that lesions of 
senous consequence had occurred in the heart Certainly there were 
occlusions m the coronaty bed, but these apparently developed gradu- 
ally and in the presence of an adequate collateral circulanon At no 
time w'as there an increase in the sedimentation rate of the etythrocytes 
or any fall in blood pressure 

This patient W'as last seen on December 12th, 1944 He considered 
himself unusually well The first sound at the apex was reduplicated 
and w as follow ed by a short s^'stolic murmur The blood pressure w as 
164/1 14 The size of the heart was the same as in Alarch 1941 

Coiwueiit These stnking electrocardiographic changes occurred in 
an elderly man with hypertension w ho, throughout the penod of over 
three years dunng w Inch they w ere obsen ed, led an active professional 
life, danced and played golf He was entirely free from discomfort 
I confess that at times I w as somew hat concerned about the wnsdom of 
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sanctioning this regimen Yet there did not seem to be sufficient reason 
to advise that he rehnquish the mterests and relaxauons which he en- 
joyed, and I know that he preferred to assume whatever risk was in- 
volved rather than to live on a lower plane of activity It is question- 
able whether he would now be any better off had he retired and 
rested, I doubt it How long such a series of insults may be continued 
without symptomatic evidence of cardiac damage, will depend upon 
the balance between the amount of obstruction and the extent of the 
collaterals m the coronary bed 

If electrocardiograms are taken at frequent mtervals m patients with 
coronary sclerosis, it is not uncommon to discover varymg patterns 
without associated symptoms Such an occurrence need not occasion 
surprise, for it is m accord with the concept that arterial degeneration 
IS inherently a progressive process The changes are not always as 
marked as m this case But even several mam coronary arteries may be 
occluded before the final illness, m the absence of angmal pam or 
congestive failure This has been clearly demonstrated by Blumgart and 
his associates,^ who correlated the climcal manifestations with the patho- 
logic lesions m hearts injected and dissected at autopsy 

Case j Mr E was a manufacturer, 59 years of age He complamed 
of substemal pam One brother died at 69 of cardiac disease, and one 
sister, who was livmg at the age of 71, had suffered from an attack of 
coronary thrombosis eighteen months previously The patient had been 
treated for pepac ulcer nine years earher, with rehef of symptoms and 
apparent healmg of the ulcer Twenty months before I saw him, he 
had a tarry stool which was ascribed to bleeding from a small erosion 
of the gastnc mucosa This had healed 

The present discomfort began slx weeks before his visit, with sub- 
stemal pressure which occurred chiefly at mght Four weeks before, 
while playmg cards, he first felt severe pam, lastmg five minutes, and 
that same mght, had further discomfort lasnng a half hour He was 
put to bed for four days and remamed at home for a week following 
There was some improvement but he soil complamed of nocturnal and 
early mommg discomfort Nitroglycerm gave prompt rehef There was 
no radiaaon of the pam but he experienced tmglmg m the left arm 
with the sharper attacks He rarely smoked and drank liquor infre- 
quently He had contmued at his busmess 

Exammation shou'^ed u'^ell marked retinal sclerosis The heart was 
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rig 5 -Cnsc 5 \noxcinia test of a man, aged 59 \cars, XMth pain in the clicst 
and a pcjilic nicer control B, after breathing 10 per cent owgcn for t\\cnt\ 
iiilnulcs C, after hrcalliing 100 per cent o\^gen for two minutes The test is posi- 
tive, Depression of tlic RS-1 segments, npi>nrcnt in B, disappears proniptlv after 
inhalation of jiiirc owgcn 


not cnhrgcd, citlicr on percussion or on roentgenologic examination 
The rhythm was regular, the rate was 8o The sounds w^ere moderate 
and no g-allop was heard There w'as a faint systolic murmur at the 
apex The blood pressure was 144/78 The electrocardiogram w^as nor- 
mal and was similar to those previously taken over a penod of years 
In spite of the absence of clinical signs of coronary heart disease, 
It seemed probable that the patient’s pam was due to coronary insuffi- 
ciency Because of his gastnc histor)’’, it w as suggested that roentgeno- 
logic examination of the gastro-intcstinal tract be repeated This was 
done and an acme duodenal ulcer was found There was no hiatus 
hernia Tlie consulting gastro-cnterologist w as of the opinion that dis- 
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comfort could be explamed on the basis of the lesion in the digestive 
tract 

The patient’s physician, however, was not sansfied with this inter- 
pretation and at his suggestion, Air E returned for an anoxemia test 
This was positive, as shown in Fig 5 The changes were particularly 
evident in the RS-T segments The sum of the deviaaons in the four 
leads totalled 3 mm Accordmg to the critena now employed, this is 
a sign of a positive test and indicates coronary insufficiency The patient 
was able to breathe the 10 per cent oxygen muxture for nventy minutes 
but complamed of shght substemal pressure during the last two minutes 
of the test After breathmg 100 per cent oxygen for turn minutes, the 
changes in the electrocardiogram caused by anoxia were abolished 

Qmmnent The chnical picture in this case was confused by the 
presence of a peptic ulcer and the absence of definite signs of cor- 
onary heart disease The anoxemia test afforded graphic evidence of 
coronary msufficiency 

The Anoxemia Test in Diagnosis 

Not infrequently it is difficult to determine the source of discom- 
fort in the chest, particularly xvhen the pauent complains of pain 
Such discomfort may be due to various causes originating at a distance 
from the pomt of reference Among conditions which somenmes cause 
confusion are gall stones, hiatus hernia, esophageal spasm, arthntis of 
the spine and a psychoneurouc state Several procedures have been sug- 
gested to increase the work of the heart under condmons which make 
It possible to determme, mdirectly, a diminunon in coronar)^ rcsen^c In 
the Department of Cardiology at the Presbyterian Hospital, we have 
been particularly concerned with the development of the anoxemia 

test ® . 

This consists of permitting the patient to breathe a mixture ot 10 

per cent oxygen and 90 per cent mtrogen for ttventy imnutes or unul 
cardiac pam appears A control electrocardiogram is taken and records 
are made at inten^als of five minutes while the patient breathes the low 
oxygen mixture Measurement of these records shows, in panents with 
a diLnished coronary resen^e, charactenstic changes which are not ob- 
served when the coronar}^ blood flow is adequate Based on analysis 
of a large ex-penence, cnteria have been evolved which are regarded ^ 
exndence of a positive test ^ The result is positive when any one of the 
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follow mg IS found 

1 The nnthnictic sum of the RS-T de\ lations m the four leads 
tmpIoNed (1,2,-; and 4F) totals ^ mm or more 

2 llicrc IS partial or complete rctcrsal of the T wa\c m Lead i, 
atcompamed by an RS-T de\nnon of i mm or more m this lead 

3 There is complete rcvcrs.il of the direction of the T wave m 
Lead 4F, regardless of any associated RS-T dc\ianon m this lead 

flic occurrence of pain during a test which is clectrocardiogra- 
phically negatne is considered prcmvipme exidence of coronan^ in- 
sufliciencv In this c\cnt, the patient should be carefully watched for 
funlicr Signs of coronary disease and managed conscnMnyely Often 
such signs later make their appearance, and frequently the anovenua 
test subsequently yields a positive result 

If earned out according to dirccnons, the test is simple and safe 
It has been found useful in differential diagnosis, both m our experi- 
ence and tliat of others''" If three fundamental precautions arc ob- 
stn cd, serious reactions arc avoided The test should not be performed 
under the following circumstances (i) in the presence of congestue 
heart failure, (2) wathin four months after known cardiac infarction, 
( 3 ) on tlic same patient more than once in tsventy-four hours A posi- 
tne test indicates a diminished coronaiw'^ resen^c but gives no informa- 
tion as to the niturc and extent of the pathologic lesions in the heart 
\ iiegatn e result docs not rule out the presence of disease of the cor- 
omra irteries, for, as in any functional test, there must be a significant 
dccrcisc in rcsenc before insufficiency can be demonstrated 

SUMMARX 

.\ttcntion has been directed to some of the less common clinical 
aspects of coronaix' heart disease There may be minimal samiptoms and 
m irked changes in the form of the electrocardiogram In the presence 
of id\ meed coronan- sclerosis, a sc\ ere emotional strain can induce 
acme coromn- insufficicncs and so cause sudden death The electro- 
cardiogram ma\ be normal less than twentx^-four hours before fatal 
coronan- occlusion There max be soaking serial changes in the clectro- 
c-irdiogrmi indicating closure of coronarx* arrenes in a patient w ho is 
anibulatorx acnxc and enorcly free from cardiac discomfort When 
the sx mptoms arc puzzling and the examination including the electro- 
cardiogram rex cals no signs of heart disease, the anoxemia test is often 
useful in affording gnpliic ex idcncc of a diminished coronarx' resen c 
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THE TREATMENT OF CORONARY 
DISEASE* 

Charles C Wolferth 

Professor of CUmcal Medicine, School of Medicine, University of Pennsjivama 



-^T WAS With reluctance and misgiving that I accepted the 
flattering invitation of your Committee to discuss the 
treatment of coronary disease We all know that pro- 
gress m this field, despite much hard work, has been 
^ modest and that we have httle more than a toe-hold on 
the problems which beset us Moreover the therapy of coronary dis- 
ease has been discussed so frequently that one hesitates to add soil an- 
other presentation to a hterature whose volume is already out of pro- 
portion to knowledge of the subject. I could not cover aU aspects of 
the topic assigned me m a presentaaon of this length I have no starthng 
new facts to bnng to your attention At most I can share with you 
certam of my reflections and pomts of view that have developed m the 
course of struggling with this problem for many years 


Investigative Standaros and Objectives 

The charge that its mvesugauve work is not on a high plane has 
frequently been leveled against chmeal medicme The most recent of 
such criticisms to come to my attention is .contained in the follow ing 
quotation from Sir Thomas Leivis ^ “Clearly to recognize the limitations 
of present day knowledge and fully to realize the contrast between 
medical wntmgs and the closely reasoned argument and precise record- 
mg now found m the ancillary sciences, are matters of prime conse- 
quence m an approach to the problem of reform m medical education ” 
One need not necessarily be so impressed as is Sir Thomas by the con- 
trast between medical wntmgs” and those of the “ancillary sciences” 
but the need for closely reasoned argument and precise recordmg m all 
scientific fields can scarcely be challenged One might add that the 
closely reasoned argument requires tests of the assumpnons upon which 

* SS.” ® Robinette Fonndauon. Medical Clmic. Hospital of the University of Peimsyl 

Read January 4 1945 at the Annual Meeting of The New York Academy of Medicine. 
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It IS based as well as careful checking at every step by precise recording, 
otherv'’ise, even those working in the ancillary sciences such as the phy- 
siologists may stray from the path of truth I venture to assert that there 
are many chmcal mvestigators whose work is fully up to the standard 
of the best produced by their confreres m physiology On the other 
hand we have to admit that much of what is pubhshed m the chmcal 
journals and books does not stem from that vitaUy essential combina- 
tion of closely reasoned argument and precise recordmg Too much of 
the hterature deahng with coronary disease is open to this criticism, so 
much in fact that it constitutes a handicap to those trymg to educate 
themselves and a burden to all who wish to keep abreast of current 
developments 

Advances m the treatment of coronary disease may result from the 
discovery of new and more effective procedures or from careful studies 
which demonstrate more clearly the mdicataons and best methods of use 
of measures now available The most urgent needs however are (i) 
improvement m diagnostic methods so that we can recognize the disease 
m a far earher stage than at present and (2) more accurate and com- 
plete knowledge of the etiological factors concerned m its producnon 

The Unsatisfactory Status of Etiology 

The difficulues which beset mvestigation of the causes of coronary 
disease could scarcely be overestimated Because m the vast majonty 
of cases it is a manifestation of atherosclerosis, it has been vudely as- 
sumed that Its causes are identical vuth those of atherosclerosis of other 
vessels Such an assumpuon seems reasonable but it does not take into 
account possible causes of relatively early and evtensive involvement 
of coronar}^ artenes, as compared with certam other parts of the arterial 
tree, observed m some individuals E\perimenfal ivork seems to shoiv 
that by certam procedures the coronar)’^ arteries can be acutely dam- 
aged without matenal mvolvement of other artenes " Such results make 
It seem not unreasonable to entertam the idea that in humans certain 
etiological factors may produce selecavely more atherosclerosis of 
coronar}^ artenes than of other vessels Dock^ has suggested that their 
relatively thick mama may make these arteries vulnerable 

It seems to be assumed by most waters on the subject of coronar)^ 
disease that not only is its incidence on the mcrease but that certam 
disorders dependent upon it such as angina pectoris and acute coronar}’’ 
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occlusion are increasing even more rapidly Unfortunately we lack the 
“precise recording” by which such quesaons can be settled Cohn and 
Lingg^ in 1934 could not obtain evidence from comparaave studies of 
vital stansncs to mdicate that coronary disease, taking into account 
“fashions in diagnosis” and lessened mortahty m youth, was much more 
common than it had been thirty years before There is no yardstick by 
which the comparative frequency of angma pectoris and acute coron- 
ary occlusion can be measured One is impelled almost irresistibly to 
the conclusion that these conditions are more common to-day than they 
were in the past but evidence to establish that view is lacking Although 
most of us knew nothmg about acute coronary occlusion thirty years 
ago, the newspapers of that day featured the sudden death of prominent 
members of the commumty just about as frequently as they do now I 
sail recall the statement of the late Edward Martm made to his class 
in surgeiy in 1910 that nearly all of the sudden deaths reported m the 
newspapers as acute mdigesaon were m reahty due to heart disease 
It would be very helpful if we could settle the quesoon of the 
relanve frequency of coronary disease or any of its maruf estaaons today 
and in the past If long famihanty with the assumpaon that they are 
increasmg and frequent assemon of it make us beheve that assumption 
to be established and we base further work on such a belief without 
holding It under quesaon, we depart from the scientific method Accept- 
ance of untested but frequently repeated assumpnons is undoubtedly 
one of the major causes of error in human reasoning As one evammes 
the upper range of the scale of mtellectual sophisacaaon, the traps for 
the unwary merely become harder to detect The hterature of medicine 
abounds with them even today A classical example which does not 
leave untouched some of our colleagues m the “ancillary sciences” is 
the history of the Emthoven equilateral mangle hypothesis This hy- 
pothesis constructed by erecting assumption upon assumpaon without 
tesong most of them, has been used for over thirty years as the starang 
point for further research leadmg to volummous hterature If even one 
of the important assumpaons which underhe the famous hypothesis is 
shomi to be mvahd, as I beheve it has been, this enormous superstructure 
falls hke a house of cards and thirty years of work along certam hnes 
unll have proven a total loss In view of the many untested assumpaons 
regardmg the causes of coronary disease which receive widespread ac- 
ceptance I beheve we are m danger of perpetuatmg major error m our 
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thinking and in our work on that subject and above all in our manage- 
ment of patients 

I shall offer only one illustraaon of the pomt I have tned to make 
above and select it because of its bearmg on treatment Many, including 
myself, beheve that certain manifestations of coronary disease such as 
angma pectons and acute coronary occlusion are much more common 
at relatively early ages in heavy smokers than m the general population 
One can scarcely fail to be impressed by the large proportion of pauents 
under the age of forty with such disorders who smoke cigars or cigar- 
ettes m great excess ® It is therefore temptmg to conclude that tobacco 
has been responsible for the coronary disease and its consequences found 
m these relatively youthful patients Moreover such a view is supported 
by other facts The effect of tobacco m producmg vasospasm m peri- 
pheral vessels has been demonstrated Changes m the electrocardiogram 
can sometimes be produced and occasionally angmal attacks can be pre- 
cipitated by smokmg one or two cigarettes The frequency of angmal 
attacks sometimes seems to be lessened if the use of tobacco is stopped 
Such an array of evidence seems convmcmg On the other hand, there 
are many heavy smokers who never develop any evidences of coronary 
disease, probably a far larger group than those who do There are many 
other heavy smokers with angma pectoris who are not improved to any 
perceptible extent by stoppmg the use of tobacco Fmally one must 
ask himself to what extent it may be the restlessness, lack of self-discip- 
Ime or whatever it is that makes some mdividuals heavy smokers, that 
IS responsible for the coronary disease rather than the tobacco itself 
Should we then on the basis of such an unproven case try to stop our 
paaents ^vlth coronary disease from smokmg^ It is askmg a lot of a 
man who is restricted m so many other ways to give up the solace of 
tobacco It would seem unwise, however, to advise patients with fre- 
quently recurrmg angmal attacks to contmue the use of tobacco without 
givmg abstmence from it a fair trial, whether or not its use accelerates 
the progress of pathological changes m their arteries In general it has 
seemed to me that patients with coronary disease who stop smoking do 
better than their less cooperative fnends but perhaps this is because they 
follow all their orders better We still have before us the task of provmg 
that the use of tobacco tends to bnng on coronary disease or shortens 
the life of Its victims 

It may be found some day that there is one vital essential hnk in 
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the chain of developments leadmg to the producaon of atherosclerosis, 
just as has proved to be the case m the formerly equally mysterious 
permcious anemia In the latter the discovery of effective treatment 
antedated knowledge of etiology of the disease and actually led to it 
However, pendmg such a happy development in the case of coronary 
disease we may attempt m so far as it is possible with our hmited knowl- 
edge to utilize the method of multiple workmg hypotheses, assummg 
m each case the probabihty that a number of factors are operatmg more 
or less concurrently 

In view of the frequency of coronary disease and our mabihty to 
recognize it until it reaches an advanced stage m at least one or more 
places m the coronary arterial tree, I think we should assume that any 
man approachmg the age of fifty may have the beg innin gs of coronary 
disease, no matter how healthy and vigorous he appears to be Thus, 
when a presumably healthy mdividual of middle age or beyond asks 
what he can do to keep from gettmg heart disease, one can at least 
advise him to be moderate m all thmgs Obviously if there is a family 
tendency toward condiaons known to accelerate the development of 
atherosclerosis such as diabetes or hypertension, special emphasis should 
be placed on exammations for such conditions m order to discover 
them m an early stage 

Periodic or Health Examinations 

The rapidly mcreasmg emphasis on preventive medicme and grow- 
ing acceptance of periodic or health exammations by mdustrial organiza- 
tions and by mdividuals present an ever greater problem to physicians 
concerned ivith the cardiovascular aspects of these exammations Some 
papers advocatmg such examinations overestimate the abfiity of physi- 
cians to detect coronary disease m its early stages and to retard its fur- 
ther development Too many who have been slapped heartily on the 
back and told they have no heart disease have died dunng the next few 
days or weeks, to the discredit of them optimistic exammers The most 
one IS justified m saying after a negative exammation is that no evidence 
of heart disease has been found On the other hand too many are told 
that they have heart disease on the basis of findmgs that do not actually 
establish the fact In the past such a findmg was often an innocent mur- 
mur, now It IS apt to be some deviaaon from empincally derived elec- 
trocardiographic standards which do not deseri’^e aU the faith sometimes 
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reposed m them The greatest problem of all concerns the far from 
small percentage of mdividuals in older age ranges who present unmis- 
takable evidence of myocardial mvolvement, m some the result of hy- 
pertension but m many others coronary disease without hypenension 
Perhaps the greatest smgle mistake made m the management of these 
groups IS to assume that prognostic data obtamed from the study of 
patients who seek medical advice because of illness apply with equal 
force to those who are without symptoms For example bundle branch 
block in hospital practice has m general an ommous prognosis although 
there are many exceptions to the rule On the other hand bundle branch 
block found m exammaaons of the presumably healthy has a far more 
favorable outlook These mdividuals as well as others found to have 
evidence of coronary disease should be instructed to avoid strenuous 
physical activity, to obtain adequate rest and sleep and avoid mdiscre- 
tions of food mtake and mtemperance in other habits Those whose 
duties entail severe physical or mental stram should be advised to try 
to obtam easier work However, care should be exercised not to place 
unnecessary restrictions on the hves of these men, and above all not 
to stop them from useful work if they are able to carry on, and wish 
to do so Otherwise one may engender a sense of defeat, mental .depres- 
sion or anxiety Individuals unnecessarily restncted like those who re- 
ceive a mistaken diagnosis of heart disease would have been far better 
off without health exammations 

General Considerations in the Treatment of Patients 

The evaluation of treatment m coronary disease is made difficult 
by the unpredictabihty of events in any mdividual case Studies of the 
course of the disease have been attempted by many mvesngators While 
the results have not always shown close agreement, they have neverthe- 
less given us figures that enable one to predict with some approach to 
accuracy, the percentages of comphcations and the mean expectation of 
hfe for large groups of cases However, to predict what will happen to 
one paaent is sheer guessivork Everyone familiar with this disease 
knows that some of the patients desperately ill with acute coronary oc- 
clusion not only sunnve but eventually make a remarkably good recov- 
ery and hve for many years Conversely a pauent with an apparently 
mild seizure may die or if he recovers, remam a cardiac cnpple as long 
as he hves The patient m whom the disease has progressed only to the 
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point M’^here it can be recognized, may rapidly grow worse or the dis- 
ease may remain no more than a shght handicap to him for many years 
Even those ^vlth findmgs which indicate that coronary disease has gone 
far enough to produce extensive changes in the myocardium, may have 
no sj'^mptoms whatever and remam active mdefimtely 

Even though at present we have no accurate idea as to hoM”^ much the 
things we do prolong the hves of our patients with coronary disease or 
retard the progress of their disease, one need not feel pessimistic about 
advances along these lines m the future We have already learned that 
the problems are not simple and that they cannot be solved by crude 
investigative methods Whether or not we discover the vital link or hnks 
in the causation of atherosclerosis, there is little doubt that “closely 
reasoned argument” and “precise recordmg” can solve some of the 
problems of treatment However, m spite of what has been said above, 
M'c can do many things to make the lives of our paaents more comfort- 
able and useful and we can protect them to some extent at least from 
unnecessar}’- disabhng illness or sacrifice of their hves 

In this day of specializaaon it is not uncommon to find a patient 
under treatment by speciahsts in various fields mdependently of each 
other, remmding one of Stephen Leacock’s hero who jumped on his 
horse and rode off in every direction In group medicme this evil is 
avoided to some extent at least by a coordinator In the ordinary prac- 
ace of medicme it is the general practitioner who should be the coordi- 
nator in cases complex enough to require study by others Patients 
should be educated to come to him rather than seek out speciahsts to 
examine them for what they think is vuong He is the one who should 
decide whether special studies are necessar^'^ and also to whom the 
patient should be sent Treatment unless of a type requiring special 
skill or equipment or both should be earned out under his direction 
To use an old medical cliche and say that the treatment of coronarj'^ 
disease must be individuahzed is almost an understatement This rule 
apphes to almost ever)ndimg \\e tr)'^ to do for these patients The pas- 
sion for standardization of all things that can be standardized has led 
to certain practices m the treatment of coronary disease that can 
scarcely be defended on rational grounds One of these is the dictum 
that e\ er>'' patient ^^Lo has had an acute coronar}’" seizure should spend 
four to SLx M eeks at complete bed rest We OM^e a debt of gratitude to 
those ^^ho have led the recent revolt against unnecessanly prolonged 
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bed rest Not the least of their accomplishments is to help free physi- 
cians from bondage to rules, violation of which has made them subject 
to criticism for any one of the unpredictable events tliat may occur 
at any time m patients with advanced coronary disease No one at this 
time knows enough about coronary disease to make dogmatic statements 
about the grade and duration of rest that would prove best for each 
patient 

The mental and emotional aspects of coronary disease should never 
be lost sight of m treatment The pubhcity accorded this disease and 
Its manifestations m the lay press, the constant emphasis placed on the 
possibihty of sudden death and the fact that almost everyone has per- 
sonal knowledge of cases m which sudden death or permanent mvahd- 
ism has occurred, have engendered fear of coronary disease in those who 
think they may have it that is apt to comphcate treatment All physicians 
of experience m this field have seen patients mcapacitated from fancied 
heart disease who have recovered as soon as they were actually con- 
vmced that they did not have it We are mchned to pay more attention 
to the psychiatric state of those who exhibit their neurosis m plam sight 
We may however neglect the mental and emotional reactions of those 
who do not place them on parade but which nevertheless may have a 
defimte beanng on their symptoms 

One of the most mterestmg aspects of the influence of mental and 
emotional factors on the symptomatology of coronary disease may be 
seen m those who hold total and permanent disabihty insurance pohcies 
Even after seizures that would be classified on the basis of objective 
evidence as shght, the prognosis for recovery sufficient to enable them 
to return to work seems to be far worse than m the case of non-pohcy 
holders The physician who helps his already apprehensive patients m- 
crease their fears mcurs the risk of prolongmg incapacity It is only the 
mcurable optimists who think nothmg can happen to them and therefore 
fad to cooperate m treatment who are benefitted by stimulatmg respect 
for their disease 

Advice to a patient as to rest and activities which fails to take mto 
account his psychology because of concentration on the purely physical 
aspects of the condiaon may not turn out as well as one anticipates The 
physician should be prepared to compromise between the two and 
m^e further adjustments depending on the course of events In general 
It has seemed to me far better to permit the victims of coronary disease 
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to carr)’- on useful even though somewhat restncted hves and even 
permit recreations that do not tax their hearts too much than to have 
them slowly dismtegrate both physically and mentally m an easy chair 
I venture tins asseraon fully cognizant of the fact that occasionally 
patients subject to angma pectoris may develop an attack on exertion 
which mstead of subsidmg, contmues -unth the development of acute 
coronary occlusion and myocardial infarction 

Inter-Relationships With Other Diseases 

The attempt to correlate all of a patient’s symptoms under a single 
diagnosis has long been regarded as sound m principle It has not, how- 
ever, so far as I am a\vare, been sufficiently emphasized that this pnn- 
ciple apphes wth most force to acute illnesses In diseases as chrome as 
coronary disease we have to recognize the fact that some of the symp- 
toms of which a panent complams may arise from another of the various 
disorders to which human flesh is hen We have also to consider the 
influence of each of these disorders on the symptoms of the other I 
shall mention only a few of these mter-relationships which seem to me 
important from the vieivpoint of treatment although a fairly extensive 
list might be prepared The fact that anemia or hyperthyroidism may 
aggravate or even precipitate the angmal syndrome or heart failure m 
patients inth coronar)’" disease is well known Under these circumstances 
the most effective treatment of the cardiac s^miptoms is control of the 
anemia or hyperthyroidism Pams referred along the brachial plexus or 
mtercostal nen^es from non-cardiac causes m cases with coronary dis- 
ease \nth or without the angmal symdrome, are apt to cause mental 
anguish to a patient If he knows he has heart disease it is difiicult to 
convince him that most of the pams around his heart and down his left 
arm are not caused by his heart disease The mterrelations of symptoms 
of gall bladder disease and heart disease are often difficult and sometimes 
impossible to unravel completely It may be a mce question to decide 
whether the gall bladder should be removed In my experience the an- 
ginal symdrome has been reheved m only a relatively small percentage 
of patients Muth co-existmg gaU bladder disease Thus, m considenng 
operation one must give weight to the added risk because of heart dis- 
ease and should not have too much confidence that the cardiac symp- 
toms will be improved, although symiptoms due to digestive tract dis- 
turbance which may simulate angmal pam may be completely reheved 
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Perhaps the most confusing of all situanons arises when painful esophag- 
eal spasm occurs m pauents who are also subject to the angmal syn- 
drome because the location and type of distress m the two conditions 
may be similar Such a case was reported by Edeiken“ and we have seen 
several since that time Alismterpretation of painful episodes of esophag- 
eal spasm as manifestations of coronary disease may mtensify the agita- 
tion at least pardy responsible for their producaon and make treatment 
futile 

Emphasis on the prmciples of treatment of coronary disease dis- 
cussed above is tantamount to an admission that more direct methods of 
attacking it are limited in their effecaveness If we learned how to re- 
verse or even to check the atherosclerotic process, methods of doing so 
would become the most important thing to talk about 

Diet 

Many workers feel that atherosclerosis is essentially the result of a 
metabohc fault and some go so far as to pomt to cholesterol as the 
cause of the trouble, particularly the excessive intake of cholesterol of 
animal origm Data obtamed from animal experiments and an array of 
clmical obsen^ations can be used to support this view If or when con- 
vmcmg evidence can be presented that low mtake of ammal cholesterol 
prevents the occurrence of coronary atherosclerosis or retards its fur- 
ther development, I beheve we will be able to convince some of our 
paaents to eat foods with low animal cholesterol content We would 
not even have to bother much about women unless they were already 
hypertensive or diabetic because of the relative immunity of the re- 
mainder to coronary disease It should be a far easier matter to obtain 
the cooperaaon of panents in hnuting cholesterol mtake than in the 
painful process of reducmg their calonc intake enough to lose weight 
It would therefore be difficult to overestimate the importance of prov- 
mg just what part cholesterol or anythmg else we ingest plays in the 
development of atherosclerosis Everjmne who has had expenence in 
necropsy work in Chma agrees that atherosclerosis is rarely found in 
the aortas or coronary artenes of the Chinese It might eventually save 
thousands of American hves every year, including members of the 
armed forces if lend lease funds could be allocated to feed enough Chin- 
ese over a long enough period of nme, diets high in animal cholesterol 
content such as many Americans use from choice in order to find out 
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whether their metabolism is superior to ours or whether they are merely 
more sensible about Avhat they eat Possibly also careful studies dunng 
the next few years m Europe on those n^hose intake of animal choles- 
terol has been low almost from the begmmng of the present war will 
yield information of value It would be most instructive to find out 
whether those who emphasize the value of such foods as milk, butter 
and eggs to growing children are laying the foundauons for coronar}’- 
atiierosclerosis and are thus unwittingly responsible for premature death 
in the future of up to 25 per cent of the children whose parents are 
persuaded to use the diets recommended If coronarj'^ disease is actually 
more common in the United States than it was a few generations ago 
It IS by no means improbable that changes m diet are at least to some 
extent at fault, and perhaps not those changes which are most criticized 
We must have these quesnons answered ( i ) Is coronary disease caused 
by a fault in metabolism^ (2) Is it caused by excessive intake of chol- 
esterol' (3) Is It caused by a combination of the two factors operating 
in the same individuaP (4) Are none of the above concerned m its 
production' In formulating diets for paaents with the idea of prevent- 
ing coronary disease, without the answers to these questions we are in 
the same position as those who solemnly tell us what is good for us to 
ear I do not mean to imply that we have not learned much about the use 
of diet in the treatment of certain diseases nor that the knowledge 
gamed has not been of great value However, the time has come ii'^hen 
we must lift our sights and be concerned with the more remote and 
therefore less easily discovered effects of special diets We have already 
had a good lesson on this subject \vhen it "w as discovered that the high 
fat diet for diabetics in pre-insuhn days, although it seemed to help the 
diabetic state at the umc, was followed by a much greater incidence of 
premature atherosclerosis than we now encounter in diabetics How- 
c\ er we do not know what a high fat diet aviII do to the artenes of non- 
diabeucs 

Physicians ha\ e to gi\ e advice regarding diet to nearly every^ patient 
M'lth coronarjT' disease If they should be so remiss as to forget it, the 
patients or their families Moll almost certainly inquire about it W^e all 
knon that these individuals should not overload their stomachs, select 
foods calculated to test the Imuts of their digestive capacity, eat a large 
meal just before gomg to bed, or startmg a golf game, or tr}’" to dnnk 
all the fluids they can hold because health colummsts have said this is a 
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good thing to do A marked dietary indiscretion or gastro-mtestmal 
upset may precipitate an attack of acute coronary occlusion in those 
m whom the stage is set for such a calamity That the gastro-mtestmal 
tract IS hable to become the temperamental prima donna of coronary 
disease m its more advanced stages is only too well known to everyone 
who has to treat some of its victims I have no better explanation 
for this than anyone else who has discussed it, no new suggestions for 
diverting patients from concentration on their gastro-mtestmal tracts 
and no additions to propose to the present list of relatively meffective 
remedies It has seemed to me that after other causes of digestive dis- 
turbances have been ruled out as completely as possible, psychotherapy 
with attempts to convmce the patient that there is no actual disease of 
the digestive tract and that his mdigestion is the result of disturbance 
m nervous conrol of that tract may sometimes help more than medica- 
tion These patients by abstammg from one food after another m the 
effort to obtam rehef may bnng on themselves deficiency states which 
may actually aggravate their digestive disturbances 

Life msurance statistics have made it clear that obesity after youth 
carries the penalty of decreased expectation of life It is not clear, 
however, whether this is the result of obesity per se or other effects of 
a possible metabolic fault responsible for obesity despite the fact that 
those constituGonally slender are apt to regard all obesity as exogenous 
There can be httle doubt that some of the obese feel better after diet 
and loss of weight They are less breathless, gastro-mtestnal symptoms 
may improve and even angmal pams, if they are subject to this disorder, 
are less easily evoked Others, however, feel weak and unhappy when 
placed on a diet It is not unusual to obtam a history from panents who 
have been persuaded to lose a lot of weight merely because they were 
too fat, that loss of weight marked the beginnmg of illness Some ex- 
cessively obese cardiac paGents rapidly deteriorate and die of heart 
failure when placed on drasGc reducmg diets Moreover, the frequency 
of acute coronary occlusion durmg or shortly after marked loss of 
weight IS such as to raise a quesnon whether this is purely comcidence 
While slow weight reducGon is doubtiess highly beneficial m many, 
one should probably not try to make all have figures like debutantes 

Medicinal Treatment 

Most paGents when they visit a physician hope that he will be able 
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to give them medicme to cure their ills or at least relieve their symptoms 
Even tliough we have not as yet discovered any medicines that will 
cure coronary disease much can often be accomplished for the relief 
of symptoms Moreover, medicinal treatment may be helpful in keeping 
patients ahve following acute coronaiyr occlusion and for the treatment 
of threatened or actual heart failure These matters have been discussed 
at considerable length in textbooks and special aracles and 1 propose to 
make only a few brief comments upon the pracncal apphcation of ccr- 
tam forms of treatment 

It would be difficult to find a remedy more effective and less harm- 
ful than the nitntes for the relief of an attack of angina pectoris Nev- 
ertheless many patients hesitate to use them except for a severe attack 
and consequently employ the mcdicanon only after the attack has 
reached its height It is therefore \\ ell to instruct them m detail regard- 
mg the use of nitntes and make clear the fact that these remedies are 
not habit forming, that tolerance increases only slightly and docs not 
persist, and that the drug is more effective if used early m a seizure 
On the other hand, many patients who arc given nitroglycerin for pains 
m the chest continue to use it believing it to be helpful m hen in fact it 
IS not Its effectiveness can be determined by ascertaining the time rela- 
uon between placing a rapidly soluble tablet under the tongue and the 
begmning of relief If this intcn’^al exceeds two or three minutes it is 
extremely unlikely that the mtroglycerm has anything to do wnth relief 
of distress, thus immediately bringing the diagnosis under question 
There still seems to be some difference of opinion regarding the rclanve 
merits of amyl nitrite and nitroglycerin The former acts more quickly 
but Its effects are so transient that pain is more likely to recur in a few 
minutes Although the dosage is more difficult to control, intelligent 
patients may become expert in its use, being able to inhale enough to 
relieve pain and still avoid unpleasant nitrite effects iMany panents pre- 
fer nitroglycenn because it can be used without attracting attention 
Moreover if it is employed at the very beginning of an attack, it usu- 
ally acts rapidly enough to prevent severe distress 

One of the questions often asked when a patient’s treatment is under 
discussion IS udicthcr orally administered theophylline compounds or 
papaverine will prove useful I know of no method by which one can 
predict their results in any given case It seems unwise to continue using 
such remedies over long periods of time uathout trjung to find out 
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whether they are really beneficial One can usually obtam evidence on 
this point in reasonably intelhgent patients by alternate periods of ad- 
ministration and withdrawal of the drug under consideration ivithout 
making other changes in treatment at die same time There seems htde 
doubt that some patients are helped by such remedies and others not 
at all Gastric irritation produced by theophylhne or theobromine com- 
pounds, although apparendy well known by everyone, may be fre- 
quendy overlooked m pracace because symptoms produced by the 
drug are attributed to the disease One sometimes obtains greatest suc- 
cess m rehevmg symptoms merely by wididrawmg such medicines 
The indications for the use of digitahs m the treatment of coronary 
disease are to some extent stiU a matter of controversy Coronary dis- 
ease unless life is termmated by one of the accidents that may occur 
durmg acute coronary occlusion such as ventricular fibrillation, rupture 
of an infarct or embohsm, tends to progress slowly or rapidly toward 
left ventncular failure and its consequences Expenence seems to indi- 
cate that digitalis rarely benefits patients with angma pectoris and fre- 
quendy aggravates this condition It has some value in helpmg to pre- 
vent attacks of paroxysmal cardiac dyspnea It is most useful m cases 
with chrome or established auricular fibrillation to help keep the ven- 
tricular rate under control It is also useful in congestive failure Digi- 
talis IS often administered to patients m advanced stages of coronary 
disease when rapid deterioration or sudden death are to be looked for 
Nevertheless, the frequency of such occurrences at just about the time 
digitahs effects are obtained suggests that this drug is not without danger 
and if used even for the more chrome manifestations should be admin- 
istered cautiously Experimental studies seem to show that full digitalis 
dosage mcreases the mortahty of animals Math acute coronary obstruc- 
tion One may question M^hether it has any use m human acute coronary 
occlusion aside from the control of the ventncular rate in such abnormal 
mechanisms as auncular fibrillation, when there is reason to believe 
that the rapid rate is contnbuting to a dangerous grade of heart failure 
In the treatment of acute coronary occlusion the stakes are ahvays 
death versus an unpredictable grade and duration of recovery In an ill- 
ness in MTich death may occur suddenly without forewarmng or the 
paaent uTo seems almost moribund may recover, one must be cautious 
m drawing conclusions as to the results of treatment In decidmg on a 
step m treatment one should give full ^veight to its dangers as M'^ell as 
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Its possible advantages I have already referred to the possible danger 
of digitalis Perhaps no one would deny the value of morphin or 
drugs with similar actions to relieve pain or restlessness but the last 
dose which relieves pain completely may produce depression of respira- 
tion and perhaps be responsible for the death of the patient Tlie intra- 
venous mjecdon of tlieophylhne ethylencdiamine is often followed 
promptly by a marked improvement of a profoundly depressed circu- 
lation thus averting what had seemed to be almost imminent death On 
the other hand, too many paaents die within a few minutes after such 
an injecnon even though it be given over a period of five to ten min- 
utes, for the death to be always a coincidence This danger I believe 
can be almost completely averted by admimstration of o 5 gm of theo- 
phylhne ethylenediamme diluted with 200 cc of salt or glucose soluaon 
by slow intravenous drip over a period of two hours It can be repeated 
several times a day when necessary to sustain the circulation 

The value of oxygen, efficiently administered in high concentration 
m panents critically ill with acute coronar^'^ occlusion is beyond ques- 
tion However, its use should not be postponed until the patient is critic- 
ally ill It often has great value in relieving pain, as can be demonstrated 
by stopping it temporarily, thus reducing the need for morphin More- 
over It may produce definite improvement in the circulanon Thus, 
there are reasons for believing that when given promptly it may prevent 
cntical illness or death The mode of administration is important Nasal 
catheters and the masks in popular use are liable to annoy the patient 
and increase restlessness A small transparent plastic hood covering only 
the head and upper chest, such as the one devised by Lambertsen and 
Godfrey,' having the shape of an egg bisected longitudinally and at- 
tached to the ordinary air conditioning unit is highly efficient and much 
more satisfactory from the point of view of the patient and nurse as 
well as the physician, than any other apparatus I have used mcludmg 
large oxygen tents Oxygen concentrations of 60 to 88 per cent can be 
mamtained by an oxygen flow of 6 to 10 liters per minute When the 
small hood is used, it must be kept under observation in desperately ill 
patients because of the undesirable concentration of carbon dioxide if 
the motor stops It should therefore be removed when the nurse is to 
leave the room for any length of time 

Surgical Procedures 

The idea that some of the problems of circulatory disease can be 
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attacked by rendering ineifecuve certain functions of those parts of the 
nervous system which have to do with the heart and blood vessels al- 
though not new, is attractmg more and more attention Procedures de- 
signed to block pain impulses have a iinuted although worthy objective 
which IS to make the patient more comfortable Among such is the 
paravertebral alcohol mjection procedure developed by Swetlow® on 
the basis of Alandl’s observaaon that angma pectoris can be reheved 
temporarily by the mjection of procam mto the same areas and J C 
White’s® operation of resection of sympathetic dorsal nerve root con- 
necoons That these procedures are capable of rehevmg angmal pams 
seems to have been established beyond question by competent observers 
Personally I have had no expenence with White’s procedure and htde 
with paravertebral alcohol mjecoon because of the ranty m my experi- 
ence of cases m which such measures seem necessary for the rehef of 
angmal pam After one has elimmated hiatus henna, the vaneties of 
spasm of the gastro-mtestmal tract which may accompany gall bladder 
disease or nervous states, and the vanous somatic c'auses of pam m the 
dismbuGon of the brachial plexus and intercostal nerves m patients who 
may or may not also have the angmal syndrome, there remam only a 
few m which nerve block for the rehef of the angmal pam itself has 
seemed to me necessary or even desirable However, I do not mean to 
imply that when severe pam, whatever its ongm, cannot be reheved by 
simpler measures, rehef should not be sought by nerve block 

It is entirely possible that the extensive sympathectomies now being 
employed for the treatment of hypertension may retard the develop- 
ment of coronary atherosclerosis m the patients operated on success- 
ftdly by virtue of a lower blood pressure resulting from the operation 
If this proves to be the case, the operation will prolong the hves of 
those who would otherwise have died as a result of coronary complica- 
tions of their disease 

The success of sympathectomy m the treatment of penpheral vascu- 
lar disease seems to depend m large measure on the extent to which vaso- 
spasm contnbutes to the deficiency of blood supply and its relief by 
operation Moreover there is now some evidence to mdicate that the 
development of collateral circulation is encouraged by a state of dila- 
tation of vessels already m the neighborhood If these statements apply 
to the heart as well as the legs, one of our objectives should be the de- 
velopment of an operation u'hich will produce maximum vasodilatation 
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of the coronanes and another should be the development of procedures 
by which the grade of coronary vasospasm can be recognized so that 
the operation could be applied to suitable cases By such means it is at 
least theoretically possible that some of the evil effects of coronary dis- 
ease could be mitigated 

The Evaluation or New Forms of Treatment 

During the course of this discussion, I have repeatedly emphasized 
the gaps m our knotvledge of coronar}^ disease and the limitanons of the 
modes of treatment at our disposal For such reasons, medicine should be 
especially careful not to rest on its modest laurels m this field but be 
eager for new ideas and receptive to new proposals for treatment How- 
ever, we have the nght to demand that they be based on the closely rea- 
soned argument and precise recording that Snr Thomas Lewis^ properly 
msists should characterize medical \vritings The criteria upon which the 
value of a remedy should be based must include sufficient experience 
with It so that Its possible disadvantages or dangers are recognized, ac- 
curate diagnosis so that one knows what he is treating and enough pre- 
cisely recorded data so that the fallacy of post hoc, ergo propter hoc 
can be excluded Without such requirements, we shall doubtless continue 
to have new forms of treatment recommended ivitliout adequate study, 
received by the uncritical with a wave of enthusiasm and then dropped 
when their lack of value is finally established With insistence on sci- 
entific standards, we shall undoubtedly work our way forward, even 
though It be at times a slow and tedious process 
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USE OF CONCENTRATED HUMAN SERUM 
y-GLOBULIN IN THE PREVENTION 
AND ATTENUATION OF MEASLES*^^^^ 

Charles A Janeway 

Department of Pediatrics Harvard Medical Scliool and School of Public Health, and 
the Children s and Infants* Hospitals Boston Massachusetts 


I Plasma Fractionation 


INTRODUCTION 



-"^HE present world conflict has given a tremendous impetus 
to the practical apphcation of knowledge concerning the 


blood and its many functional constituents Whole blood 
has recently been flown from bleeding centers on our 
5S eastern seaboard to the European theatre of operations 
for use m the treatment of batde casualties withm a few days of its 
collection Blood plasma, its essential protems preserved by methods for 
desiccation from the frozen state worked out m recent years, has 
been transported all over the world and stored nil needed by the men 
of our armed forces 

Blood IS a complex mixture of cells suspended m the plasma and 
performing manv funcaons, not all of them known The transfusion 
of blood has come to be used for the treatment of shock, anemia, m- 
fection, agranulocytosis, thrombocytopemc purpura, and the bleeding 


* Read October 18, 1944 before the Seventeenth Graduate Fortnight of The New York Academy of 
Medicine 

1 Both the clinical studies and the development of the products from blood collected by the American 
Red Cross have been carried out under a contract, recommended by the Committee on Medical 
Research between the Office of Scientific Research and Development and Harvard^ University 

2 The studies reported in this paper would not have been possible 'Without the cooperation ® 

number of agencies and individuals Most of the work in Boston in 1943 was earned on by ut 

Charles W Ordman Field tests of globulin preparations against measles in 1944 have been earned 
out with the assistance of the Commission on Measles and Mumps, Board for the Investigation 
and Control of Influenza and Other Epidemic Diseases in the Army, in Philadelphia and 
more under the direction of Drs Joseph Stokes, Jr , Elizabeth P Mans and Lt S S Gelhs, 
M C , A U S in New York City, through the Department of Health by Drs Maurice Grccnbcry 
Samuel Frant and David D Rutstem in Washington, D C , under Capt, L R Newhouser, M C , 
USN and Dr Lewis K Sweet, m Durham, N C, under Dr W C Davison and in Boston 
and vicmitj with the cooperation of the Massachusetts Department of Health, the Massachusetts 
Antitoxin and Vaccine Laboratory and the Health Officers of Arlington, Medford Malden ana 
Chelsea We are indebted to the large number of physicians and hospital staflf members in vanoM 
cities who have provided most of the reports on which this study is based to Dr William B 
Berenberg and the house and resident staff of the Children’s Hospital for their assistance in ^ 
control and distribution of globulin, and to Miss Virginia Poole, B»A , who has kept the records, 
tabulated the data and prepared the charts for this report, , , 

3 This paper is No 32 in the senes ‘ Studies on the Plasma Proteins * from the Harvard MedicaJ 

School Boston, Massachusetts on products devdoped in the Department of Physical Chemistry 
from blood collected bj the Amencan Red Cross 
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tendency of jaundice and hemophilia, although in only one of these 
mstances, shock due to hemorrhage, are all of its constituents needed 
to repair the physiological defect In many of these mstances it should 
be more rational, more effective, and less M^asteful to use only that 
component needed for the particular therapeutic purpose Thus, the 
infusion of resuspended red blood cells, as reported by Taylor, Thal- 
himer and Oioksey^ and by Cooksey and Honvitz,^ is a logical use of 
the chief waste product of plasma production, and raises the hemo- 
globin level of the anemic patient rapidly without imposing on his 
circulation the necessity of disposing of the excess plasma Unfortu- 
nately, methods for the separation or presentation of the more labile 
and less numerous granulocytes and platelets have not been developed 

In the case of plasma, we are dealing with a mixture of many types 
of protem molecules in a crystalloid solution closely corresponding m 
composition to the mtersatial fluid of the body Tlie numerous protem 
constituents of plasma differ m then* chemical properties, them source 
and fate within the body, and the functions which they perform ® The 
isolauon of these components m pure form and them chemical charac- 
terization has long been an aim of all those interested m human physiol- 
ogy Mihtar)'' necessity has encouraged the accomphshment of this aim, 
and has thus opened up new horizons m the treatment and study of 
disease 

The plasma fractionation program, which ongmated m a desme to 
mvestigate the physiology of the individual plasma protems, received 
a tremendous impetus from the need of the armed forces for a compact, 
safe and effective blood derivative ^ To meet this need, concentrated 
human serum albumm was developed and, under Navy contract, has 
been produced on a large scale from blood collected by the Amencan 
Red Cross The methods worked out by Cohn, Oncley, Strong, Hughes 
and Armstrong® for the separation of pooled plasma into a senes of frac- 
tions, from one of which albumm is prepared, have been devised m such 
a way as to make available as many as possible of the other functionally 
important plasma proteins Thus there have been developed an mcreas- 
mg number of products of plasma fractionation which have useful 
chmcal apphcations, while the development of others is still in progress 

2 THE PLASMA FRACTIONS 

Table I lists the plasma fractions and their denvatives for w^hich 
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Table I 

BLOOD AND BLOOD DERIVATIVES 


Material 

Fraction 

Subfraction 

Functional 

Component 

Product 

Use 

Whole blood 



Cells,platelets, 

plasma 


Hemorrhage 

Resuspended 
red cells 



Erythrocytes 


Anemia 

Plasma 



Plasma 

Proteins 


Bums, 

hypopro- 

thrombinemia, 

hemophdia 


I 

(Fibnno- 

gen) 


Fibrinogen 

(with 

thrombin) 

Pigsties 

Fibrm films 
Fibrm foam-f- 
thrombm 

Dural substi- 
tutes 

Absorbable 

hemostatic 

agent 

Skin grafting 

Fractions 

of 

Pooled 

Human 

Plasma 

II + III 

(a> ft 7 
-globs ) 

1 

11 

(7-globs ) 

III-l 

(/3 -b r-globs ) 

III -2 
(p-globs ) 

Antibodies 

( 60 %) 

1 

1 

Antibodies 

( 40 %) 

Isoagglutinins 

Prothrombin 

Complement 

(Cl) 

7-globm 

antibodies 

(Immune 

serum 

globuhn) 

Isoagglutin- 

ins 

Thrombm 

Prophylaxis 
and therapy 
of infectious 
diseases 

jBlood 

grouping 

Hemostatic 

agent 

rv 

(a + /3globs, 
Lipopro- 
teins) 


Hyperten- 

sinogen 

Complement 

(C’ 2 ) 

TlnTotropin 

Alkahne 

phosphatase 


[ 

1 

V 

(Albumins) 


Albumin 

Concentrated 

normal 

human 

serum 

albumin 

Shock 

Edema 

Hypoprotei- 

nemia 


VI 

(Verv bttle 
protein 
Chiefly 
salts ) 


1 
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Fioube 1 

The Phodects 'Which May Be Obtaihed Fbom Ihe 10 Bleedixqs Ix The Center 

On the left are the fi^e 600 cc dried plasma packages (2500 cc ) obtained if 
all the plasma is used as such On the right are shown the products of plasma 
fractionation now obtainable from this amount of blood These comprise 

1 Inner row (top) 3 packages of albumin (eqmialent to 1600 cc of plasma m 
osmotic effect), (middle) 8 vials of isohcmagglutimns (if blood of one group only 
IS used), (bottom) 11 vials of globulin antibodies (66 cc.) 

2 Outer row (top) 9 packages of Abrin foam, (bottom) 80 nals of thrombin 


specific indications have been proved The availability of these frac- 
tions has made possible progress along several hnes First, every dona- 
tion of blood becomes far more useful if separated mto its specific 
components and used m several different ways (See Fig i) Second, it 
becomes possible to achieve therapeutic results usmg concentrated and 
purified proteins for specific purposes, which would be difficult or im- 
possible with whole plasma because of the amounts that Mmuld have to 
be given. Thus, m the treatment of hypoproteinemic edema, a large 
amount of osmotically active albumin can be administered in a small 
volume of fluid, without the salt which tends to exaggerate any form 
of edema Thurd, usmg human plasma fractions as startmg matenal, it 
IS possible to develop entirely new products which can be used for pur- 
poses for which plasma is not suitable Such products are fibnn foam 
■with thrombm and fibrm film, now bemg used m vanous surgical 
procedures Fourth, with purified protems available as tools, it becomes 
possible to investigate many aspects of the physiology of the plasma 
proteins which are of fundamental importance to an understandmg of 
health and disease 
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3 THE PLASMA ALBUMINS 

The plasma protems have been divided by chemists mto albumins 
and globulins The albumms constitute a relatively homogeneous group 
of protem molecules which carry the highest net charge and are the 
most symmetncal, most stable and smallest of the plasma proteins ^ As 
a consequence of these chemical charactenstics, the albumms exert 8o 
per cent of the colloid osmotic pressure of the plasma although they 
constitute less than 6o per cent of the total plasma protems ” 

Twenty-five per cent albumin solution, as dispensed m the standard 
Army and Navy package^ has approximately the viscosity of whole 
blood, can be kept for months without refngeraoon and can be rapidly 
mjected without reconstitution or prehimnary cross matching A smgle 
100 cc package contammg 25 grams is osmotically equivalent to 500 
cc of citrated plasma but has only 1/6 the bulk or weight of the 
standard Army-Navy plasma package The complete safety of albumm 
and Its effectiveness m rapidly restormg a diminished blood volume 
and thus rehevmg the symptoms of surgical shock have been amply 
demonstrated Once it becomes available to civilians, albumm 
should be ideal for the physician to carry m his bag or for hospitals 
to keep on the accident room shelf for the emergency treatment of 
patients m actual or impendmg shock 

However, albumm is more than a convement and effective sub- 
stitute for plasma, it is a therapeutic agent m its own nght with appli- 
cation to certam situations where plasma is meffective It supphes a 
long-felt need m medicme and surgery for a protem solution which 
can be administered at any desued concentration and with any desired 
combmation of electrolytes Smce albumm is the particular protem m 
which hypoprotememic patients are almost always deficient, it is the 
logical one to administer m the rehef of them symptoms The work 
of Thom and his associates'^ m demonstrating that a salt-poor albumin 
solution wiU produce diuresis m patients with the nephrotic syndrome 
IS but one example of the many new therapeutic possibihties opened 
up by this development 

4 THE PLASMA GLOBULINS 

The remamder of the plasma protems are globuhns, a group of 
protems Muth diverse chemical characteristics performmg many im- 
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portant funcaons m the body These are divided on the basis of their 
electrophoretic behavior into «, y 3 , y-globulms and fibnnogen Blood clot- 
ting requires the interaction of two globulins— thrombin, an enzyme 
which circulates in the form of its inactive precursor, prothrombm, 
and fibrinogen From these proteins have been developed fibrm film, 
used as a dural substitute, and fibrm foam \vith thrombin, used in sur- 
gery, neurosurgery and dentistry as an absorbable hemostatic agent 
The isohemagglutimns are Idrewise globulins, and these have been con- 
centrated from bloods of a smgle specific group for use in the typmg 
of blood for transfusion purposes ““ In addition, complement, certam 
hormones and enzymes circulate as, or m close association with, the 
plasma globulins, although their purification for chnical use has not 
yet been effected Fmally, we come to those globuhns with which we 
are immediately concerned m this discussion, the antibodies 

Most antibodies are y-globuhns, that is, globuhns which migrate 
most slowly m an electric field, due to their electrical asymmetry and 
low net charge Although theur net charge is low, the asymmetrical 
distribution of charges on the molecules of y-globuhn is such that their 
electric moment is high and their possibihties of mteraction with other 
proteins or smaller molecules very great The antibodies are quanti- 
tatively recovered from the plasma m Fraction II - 1 - III, and by the 
present methods for the further subfractionaaon of Fraction II & HI, 
about 60 per cent of the antibody activity is recovered m Fraction II 
and 40 per cent in Fracaon III— i Climcal studies have been carried 
out with preparations of Fraction II which have been steadily improved 
until a punty of 95 per cent or better with respect to y-globuhn has 
been achieved Methods for the recovery of the remainmg 40 per 
cent of the antibodies m Fraction III— i are now in process of devel- 
opment 

II y-GroBULiN Antibodies Laboratory Studies 

When the plasma fractionation program was first undertaken, with 
the separation of the albumm fraction for transfusion purposes, Rob- 
mson pomted out the possible practical apphcation of the globuhn 
fraction to the control of infectious diseases Accordingly, studies were 
initiated^® which quickly revealed that the immune bodies present m 
the plasma pool were quantitatively recovered m Fraction Il-blll, a 
crude fraction contaming some a— but chiefly /?- and y-globulms, whereas 
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the Other Fractions, I, IV and V, contained a lower concentration of 
antibody than the onginal plasma Under the direction of Dr A R 
Dochez of the Committee on Medical Research, samples of Fraction 
n+III were sent to many mvesagators throughout the country, whose 
titrations revealed approxunately lo-fold concentration over pooled 
normal human plasma of a large vanety of antibodies These laboratory 
titrations were supplemented by the chmcal tests of Stokes and his 
colleagues, who demonstrated that preparations of this fraction could 
be used for the prevention or modification of measles m exposed chil- ^ 
dren 

However, Fraction II+III contains a number of other important 
functional constituents besides the immune bodies to infectious agents 
and consequently further subfractionation was earned out, yieldmg 
three fractions III-2, composed chiefly of y8-globuhn and contaimng 
prothrombm, III-i, a mixture of and 7-globuhns m which the iso- 
hemagglutimns are concentrated, and II, compnsmg chiefly y-globulin, 
with marked antibody activity 

Methods for the preparation of Fraction II have been gradually 
improved so that the y-globulin content of this fraction, as estimated 
by electrophoretic analysis, has been increased from roughly 80 per 
cent to 98 per cent m recent preparations Enders^^ has carefully meas- 
ured the concentrations of certam representative annbodies m each 
preparation of Fraction II for over a year, so that a statistically sigm- 
ficant body of data has been accumulated on y-globuhn fractions 
denved from blood collected m the northeastern, midwestern and Pa- 
cific states This body of data shows considerable uniformity of anti- 
body content despite the collection of blood at different seasons and 
m widely separated locahties However, it was found last wmter that 
the titer of antibodies to influenza A rose m preparations denved from 
blood collected after the cessation of an epidemic due to this virus 
This is an example of how the presert^ation of this fracnon of pooled 
normal plasma as a stable dry powder might form an important record 
of the immune status of a populaoon, thus providing the epidemiologist 
with a new tool, changes in antibody titers reflecting the sweep of 
epidemics through the group Smee the pools from which these samples 
are denved represent from 2,000 to 6,000 donors, the antibody levels 
should be fairly representative of the immunity of the group rather 
than of a few exceptional mdividuals 
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Table II 

TITERS OF REPRESENTATIVE ANTIBODIES 


Infection 

Teet 1 

Fraction 

II 

Titer 

Cone Factor 
over normal 
plasma 

Conval- 

escent 

plasma 

titer 

Ratio 
Titer II 
Conv 
plasma 

Typhoid 

H Agglut 

94 

20 

2000 

1/20 

0 Agglut 

10 

2 

900 

1/90 

Influenea A 

Comp Fixation 

280 

20 

360 

8/10 


Hirst Test 

308 

10 

600 

6/10 


Mouse Prot 

130 

23 ) 

210 1 

2/3 

Mumps 

Comp Fixation 

98 

20 

260-1300 

1/13-1/4 

Diphtheria 

Antitoxin 
(units/cc ) 

26 

26 

(13) 

i 

(20) 

i 

Scarlet Fever 

Antitoxin 

(units/cc.) 

40 

22 

6-16 

2-6 

B-Streptococcus 

Antistreptolysin 

(units/cc.) 

2600 

26 

600 

6 


The anabody atrations earned out under Enders’ direction have 
been used to control the potency of the serum y-globuhn preparations 
as they have come from the Harvard Pilot Plant and from commercial 
laboratones operatmg under contract with the Navy or the American 
Red Cross Although considerable vanations may occur m these titra- 
tions due to inherent difficulties with the tests, aU the anabodies fol- 
lowed have been found concentrated from 15 to 30 times m Fraction II 
From the chemical standpomt the concentration Avith respect to y-globu- 
lin is approximately 25-fold These facts, combmed with the association 
of antibody activity in most hyperimmune animal sera with the 
y-globuhn fraction and the findmg that the antibody titers have not 
fallen as all but traces of /8-globuhn have been removed from recent 
preparations, suggest that most antibodies of normal human blood are 
y-globuhns 

Although there is a parallel concentration of y-globuhn and anti- 
body m Fraction II, only about 60 per cent of the total antibody 
activity of Fraction II+III can be accounted for in it The remaming 
antibody activity is found m Fraction III-i, which contams both / 3 - 
and y-globulms, and studies are now m progress which should make it 
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possible to recover this moiety for climcal use One very mterescing 
findmg is the behavior of the two typhoid agglunnins The H or 
flagellar antigen of the typhoid bacillus is a protem and its aggluanm, 
like the majority of other antibodies, is concentrated m Fraction II 
On the other hand, the O antigen contains a polysaccharide and its 
agglutmm is concentrated to a marked extent in III-i, as are the iso- 
hemagglutimns whose homologous antigens are not protem, but poly- 
saccharide m nature 

Table II indicates the levels of those antibodies which have been 
carefully followed a sufflcient number of times to give an accurate idea 
of the concentrations to be expected It will be noted that the concen- 
tration factor over normal plasma corresponds closely to the concentra- 
tion factor for y-globulm in all but two instances, the typhoid O 
agglutmm, discussed above, and the Hirst test, m which, for technical 
reasons, false low readings are ob tamed The ratio of the titer of Frac- 
tion II to reported values for convalescent plasma gives some idea of 
those diseases, m which, other factors bemg equal, y-globulin might 
be expected to have some climcal effect It may readily be seen that 
y-globuhn approaches the values for convalescent serum in the case of 
influenza A, it falls far short m typhoid and mumps, while m scarlet 
fever, and probably diphthena, it exceeds them 

The process of concentration of the antibody activity of normal 
human plasma mto a smgle fraction is not only important for the 
preparation of an effective prophylactic and therapeuuc agent, but 
also for the preservation of this activity for the future In the process 
of preparmg normal human serum alburmn for the armed forces, the 
plasma from many donors has been subjected to fractionation This 
has made available a large amount of human antibody It has been found 
that when this is kept properly as dry powder or as the final solution, 
It IS stable for long penods of tune This stability is increased by the 
use of o 3 molar (isotomc) glycme as diluent m place of sodium chlor- 
ide, a change which has been incorporated in the most recent prepara- 
tions of y-globuhn antibodies The excellent keepmg quahaes of human 
antibodies when concentrated and refined is of great pracacal impor- 
tance, since It makes feasible the plan, inaugurated by the American 
Red Cross with the cooperation of the Navy, for the distribution of 
y-globuhn m excess of the needs of the armed forces, to the people of 
the Umted States through public health agencies-® 
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III Clinical Use of y-Globulin Antibodies 

I GENERAL 

The use of human blood, plasma, or serum to transfer passive un- 
mumty agamst a number of infections is an established climcal pro- 
cedure, although the evidence for its effectiveness has not been clear 
m every case In some instances normal serum has been used, more 
frequently convalescent serum, and m the case of pertussis, hypenm- 
mune serum (i e , the serum of donors already immune whose antibody 
levels have been further increased by stimulating doses of vaccme) 
The use of human blood as a source of antibody has the great advantage 
of freemg the recipient from the dangers and discomforts of the serum 
disease which so frequently followed the mjecaon of unconcentrated 
animal sera in earher days and which still is occasionally seen after 
administration of the refined and concentrated sera of the present The 
difficulty with human antibody preparations m the past has been that 
their potency has been low, their standardization usually has not been 
carried out except in the patient, and convalescent sera have often been 
hard to obtain Furthermore, the recent evidence incrimmatmg human 
blood,**’ plasma^^ and serum*® m the transmission of an agent causing 
jaundice from donor to recipient has cast some doubt on the relative 
safety of human as compared to animal serum The use of y-globulm 
obviates many of these objections to the use of human antibody in the 
form of serum or plasma 

In discussmg the use of y-globulm we shall refer to the mjection of 
antibody before symptoms of disease appear as prophylaxis, whether 
the attempt is to prevent or modify the symptoms, and to the mjection 
of anabody after symptoms have occurred as treatment Two groups 
of factors will influence the results of passive immunization for either 
of these purposes First come the quantitative factors (a) the antibody 
level established in the patient, which is influenced by the concentration 
of antibody m the immunizmg agent, the size of the dose, the size of 
the patient, the speed of absorption, and the rate of destruction of 
antibody m the body, (b) the antibody level necessary for neutraliza- 
tion of the toxm, bactenum or virus producmg the disease, and (c) 
the tvme of admmistraWn of the antibody m relation to exposure and 
the length of the mcubation penod Second, come the quahtative factors 
relatmg to the nature of the infectious agent and the pathogenesis of 
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the disease These include its portal of entry, sites of muluphcation, 
incubation period, route of spread, and the stage at which the disease 
can be recognized Unfortunately, in the case of measles, the disease 
for which the efficacy of y-globulin as a prophylacoc agent has been 
unquestionably proved, quantitaove data can only be obtained in hu- 
mans exposed to the disease, since no laboratory test for antibody to 
this virus has yet been found 

2 THE USE OF y-GLOBULIN IN THE PROPHYLAXIS 

AND TREATMENT OF SPECIFIC INFECTIONS 

A Measles 

(a) Histoncal background iMeasles is a disease for which human 
blood provides the only knorni source of antibody Attempts to pro- 
duce a satisfactory vaccme for human immunizanon have not met with 
success, and therefore it still remains one of those diseases which every- 
one must have sooner or later Unhke many virus diseases, the process 
of acquinng immunity to measles is almost invanably associated with 
the development of the clmical picture of the disease, although con- 
siderable variation in its seventy may occur Immumty to measles is 
present in the first few months of life provided the mother is immune 
to this disease In the transition from the immumty of infancy to the 
extreme susceptibility of early childhood, there is a period when measles 
may assume rather mild and atypical forms, presumably because the 
child has the very low levels of antibody required to attenuate the 
effect of the virus 

The use of human blood or its denvauves for the prophylaxis of 
measles has become a standard pediatnc procedure Two alternatives 
are open to the physician first, to prevent the disease completely, or 
second, to attenuate die disease to such an extent that it becomes a 
relatively mmor mfection It is desirable to prevent all symptoms of 
the disease in sick or debilitated children, in infants benveen 6 months 
and 3 years, and in children who must travel or who are on hospital 
wards where they will expose other sick children In producing attenua- 
non, the physician is really performing serovaccmation, using passive 
immumzation in such a way that the child acquires an active immumty 
This IS a satisfactory method of acuve immunization except for the 
fact that it can only be used when the pauent is known to have been 
exposed to the disease Two fundamental premises underlie the pro- 
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cedure ( i ) that a mild attack of measles is less dangerous than a severe 
attack, and (2) that a mild attack of measles produces a lasting im- 
mumty We beheve that results achieved with y-globuhn and convales- 
cent serum justify the first premise To our knowledge, no satisfactory 
large scale follow-up studies have ever been made which would yield 
convmcmg evidence upon the second However, it is rational to beheve 
that modified measles confers on most mdividuals a relatively permanent 
tmmumty, smce spontaneous mild cases of the disease appear to confer 
protection for life, and there is a general impression that most children 
who have modified measles do not develop subsequent attacks 

Various sources of human measles antibody have been employed 
in the past. Whole blood has often been used madvertently in hospitals 
We have recently seen a very mild case of measles occurring seven 
days after a transfusion m a patient on our own wards Convalescent 
serum is, unfortunately, somewhat diflicult to obtain in adequate 
amounts and convalescent serum, or particularly normal adult serum, 
must be given m rather large doses to be effective Consequently the 
discovery by McKhann and his associates^® that it was possible to extract 
from human placentas antibody agamst most of the infections to which 
the average adult is immune provided a readily available preparation 
for the prevention and modificanon of measles which has found wide- 
spread use It seems probable that the placenta itself does not manufac- 
ture anubodies but merely allows them to pass from the maternal to 
the fetal circulation and therefore is a good source of measles antibody 
because it contains a large amount of blood The chief difficulty with 
placental extracts (marketed under the name of Immune Globuhn) has 
been the relatively high mcidence of reactions foUowmg their use Their 
potency m general has not been sufficient to afford complete protection 
in most cases, although they have been fairly satisfactory for attenua- 
tion of measles These disadvantages have been recently demonstrated 
in a comparison of y-globuhn with placental extract, made in New York 
City by Greenberg, Frant and Rutstem 

(b) Use of y-globidm in prophylaxis of measles (r) Results Stokes, 
Mans and Gelhs®^ first demonstrated the effectiveness of y-globuhn m 
the prophylaxis of measles, and their result were confirmed by Ordman, 
Jenrungs and Janeway Subsequently, uuth the cooperation of a large 
number of physicians m various parts of the country it has been possible 
to amass a large number of cases for statistical study These have proved 




2 14 


THE BULLETIN 


Tabu; III 

COMPARISON OF RESULTS OF PASSIVE IMMUNI/A’l ION AGAINSl 
MEASLES WITH VARIOUS AGENTS (UNSELECTED CASES) 


Immunvsing Agent 

Total # Caseg 

% No Measles 

% Mxld 
Measles 

% Average 
Measles 

Con^ alescent Serumi 


75 j 

17 

8 

Normal Adult Serumi 

684. 

66 

24 

20 

Placental Extracti 

2740 

64 

31 

6 

7 -Globulm Antibodies | 

2738 

73 

24 

3 


1 From McKhunn (29) 


beyond quesuon that y-globulin provides the physician with the most 
effective agent for the prevention and modification of measles that is 
available The data can be presented best m a senes of tables Table III 
gives comparative data for various preparations which have been used 
for this purpose in the past and for y-globulm, as judged from the 
over-all results m a large senes of unselected cases Since these figures 
mclude all ages and all degrees of exposure, their significance is open 
to some question In Table IV will be found the figures for y-globulm 
and convalescent serum m comparable groups of children under 12 
years of age, mtimately exposed ^vlthm the home The expected attack 
rates for the groups are given, as determined by the excellent pains- 
taking studies of SoUerman and Thalhimer^® m New York City for 
several years and by Ordman®® in 1943 in Boston It can be seen that 
the results with convalescent serum are as good as with y-globulm, but 
the doses necessary are larger®* 

2 Dosage A physician usmg an agent such as y-globuhn would 
like to feel sure that he could achieve complete protection for his patient 
or satisfactory modification of the disease at will Unfortunately, he is 
dealmg with a biological system m which the two biggest variables, 
the suscepobihty of the patient and the vuulence of the virus, are 
beyond his control, so he must be content with some failures In order 
to obtam complete protection, it is axiomatic that he should give as 
big a dose as possible as soon after exposure as possible To modify 
the disease, he may either delay his injection until it is too late in the 
incubation penod to prevent the disease or he may use a smaller dose 
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Tabie IV 

results of PASSI^^E IMMUNIZATION AGAINST MEASLES WITH 
^GLOBULIN ANTIBODIES AND COm'^ALESCENT SERUM 

(Selected Cases, Home Exposure, Age Under 12) 



Total # Gases 

1 

% No MeasUs 

% Mild 
Measles 

% Average 
Measles 

Attack Ratei 

64 

20 

4 

1 

76 

Attack Rate (0-14 yrs )2 

1 

j 266 

26 

i 

•y-Globulm Anbbodies 
(6 mos — 12 JTS ) 
(Dose 0 6-6 cc.) 

1670 

65 

32 

3 

Convalescent Serum 
(6 mos — 16 yrs ) 
(Dose 6-20 cc.)3 

602 

60 

1 

49* 

1 

1 


1 Ordman (32) 

2 StiUerman and ThaUmner (33) 

3 Stillerman, Marks and Thalhimer (34) 


* 27 per cent so greatly modified that without close observation 77 per cent might have 
been classed as having no measles 4 per cent slightly modified, cases which we 
probably should have classified as average measles 


of globulin Which voU give the most rehable results^ An analysis of 
our data for the selected group of cases mdicates that the physician 
has a greater chance of producmg attenuation or complete suppression 
of measles, accordmg to his desire, by varymg the dose of globuhn 
than by varying the time of its administration This is clearly shown 
by the figures m Tables V and VT. Ordmanly measles m the primary 
case IS not recognized until the third or fourth day after onset, when 
rash or Kophk’s spots appear If, at this pomt, the physician administers 
a smtable dose of globuhn, he has about a 3 out of 4 chance of ac- 
comphshmg his arm Smtable doses appear to be as follows 
For protection (first 6 days after exposure) o 08-0 1 cc /lb 
For modification (first 8 days) 002-0025 cc /lb 

(A^Ten administered later m the mcubation penod, the dose 
should be mcreased ) 

Greenberg, Frant and Rutstem®'* m a study of y-globuhn suggested by 
Dr ^^^llham Thalhimer and earned out by the Health Department of 
New York City have showm that, usmg a standard 2 cc dose of globuhn 
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Table V 

RELATION OF TIME OF INJECTION OF 7-GLOUBULIN TO RESULTS 

(1024' Cases, all doses) 


Time after exposure 

% JVo Measles 

% Mtld Measles 

% Average Measles 

0 — 2 days 

64 

85J2 

08 

8 — 6 days 

66 8 

822 

1 

6 — 8 days 

61 6 

1 

42 7 

67 


Table VI 

RELATION OF DOSE OF 7-GLOBULIN TO RESULTS 
(1024 Cases, first 8 days) 


Dose (cc /lb ) 

% No Measles 

% MM Measles 

% Average Measles 

01 —0376 

83 

631 1 

89 

0375—076 

65 2 

40 6 

4£ 

076 —2 

837 

16 6 1 

1 

08 


and a standard time of injection, the degree of protection vanes in- 
versely with the age of the pauent This confirms the vahdity of cal- 
culating dosage on a weight basis 

3 Duration of nmimmty Undoubtedly, the duration of immumty 
will bear a direct relation to the size of the dose given and to the con- 
dition of the patient For example, a patient ivith nephrosis might lose 
the antibody rapidly m the urme, or a patient ivith high fever might 
be expected to destroy it more rapidly than normal In our experience 
a protective dose gives complete protection for 2-3 weeks in a normal 
child and should be repeated after 3 weeks if complete protection is 
Still desired in the face of a new exposure 

4 Safety The globulm is administered mtramuscularly, in the but- 
tocks if a fairly large dose is given In ordmary doses ivith a good 
needle, the mjecnon is practically pamless The mcidence of reactions 
m a large senes of cases has been exceedingly low, and most of these 
have been very mild local reactions (Table Care should be taken 
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Tabix VII 

REACTIONS ON INJECTION OF ^-GLOBULIN 


Typo of Reaction 

Nwnber 

Per Cent 

Local 

17 

06 

Febrile 

1 

12 

04 

General* | 

6 

02 


2788 Injections 86 reactions, 12% 

* Headache 1, Dizziness 1, Loose stools for 48 hrs after injection 2, Orbital 
edema 1 


to check that the needle does not enter the vein, since the standard 
preparation is not suitable for intravenous use 

One of the important chmcal syndromes which has recently been 
recognized is that of homologous serum or moculation jaundice This 
disease, which may or may not be caused by a virus identical with that 
of epidemic hepatitis (catarrhal jaundice), occurs after an mcubation 
period of 3 to 6 months following the mjection of occasional lots of 
human serum or plasma derived from small pools Presumably the m~ 
fective agent circulates for some time m the blood of patients who 
subsequently come down with typical symptoms of epidemic hepatitis 
It has sufficient resistance to withstand mactivation at 56° C for an 
hour, the process of desiccation from the frozen state, and fairly long 
penods of storage m die ice box We have naturally been very much 
concerned about the possibihty of transmitting this virus by the m- 
jecaon of 7-globulm The staosocal chances of this seemed somewhat 
greater than ivith convalescent serum because the pools of plasma 
were derived from several thousand donors For this reason we have 
made foUow-up studies from 3 to 6 months after mjection m as many 
mstances as possible Out of 294 mdividuals so followed after the season 
of 1942-43, only one case of jaundice was observed, this occurred 3 
months after mjection and probably was pure comcidence smce 73, 
other children who received this preparation did not develop jaundice 
During the past season, 1943-44, were able to follow up 869 m- 
dinduals, none of whom has developed jaundice 

5 Modified measles The disease which results when an attenuating 
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Tabi^ VIII 

COMPLICATIONS OF MEASLES IN CHILDREN UNDER 12 RECEIVING 

7-GLOBULIN 

(1670 cases, 497 cases of mild measles, 64 cases of average measles) 


Age 

Dose 
cc fib 

Days from 
exposure 
to injection 

Result 

Complications 

2 yrs 

02 

9 

Severe measles 

1 Staphylococcus aureus 
pneumonia and em- 
pyema with recovery 

11 mos 

025 

6 

Average measles j 

Mild encephalibs with 
recovery 

2 yrs * 

026 

_ 

Average measles 

Ofahs media, simple 

4)4 yrs 

017 

6 

Mild measles 

Obtis media, simple 

4 yrs 

028 

6 

Mild measles 

Otitis media, simple 


* Child had reacbon with chills, fever and edema of eyelids day after mjection of 
globulin 

8 compUcabons in 64 cases of average measles incidence = 5 
2 complications in 497 cases of mild measles incidence = 0 4% 


dose of globulin is given at the proper time after exposure may vary 
from a barely recognizable illness lasting a day, with very shght fever 
and a famt sparse rash, to one which is but little milder than the ordi- 
nary case of measles In general, the malaise, prostration, and catarrhal 
symptoms are little m evidence, and fever and rash are the only signs 
of infection, but any combmation of symptoms may occur The incu- 
bation penod IS somewhat prolonged at times, perhaps because the 
disease is not recogmzed until the rash appears, but the duration of 
symptoms is rarely over two or three days A number of patients have 
been obsen^ed m whom mild catarrhal symptoms without rash occurred 
at the proper time after exposure and were presumably due to the 
disease Other patients who have received globulm have developed a 
few pinkish macules, particularly over the upper trunk, from 12 to 1 8 
days after exposure, as the only sign of infection 

Co7nphcations appear to be infrequent vath modified measles Stiller- 
man, Marks and Thalhimer^^ obsen^ed compheanons in i o per cent of 
502 children given convalescent serum for measles prophylaxis In a 
boys’ school where globuhn was admimstered to half of the remaming 
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Tabix IX 

LSE OF 7-globulin TO CONTROL OLTBRE VKS OF MEASLES 
ON PEDIATRIC WARDS 



No 

Outbreaks 

No 

Children 

1 Not 
Followed 

No 

Measles 

Mild 

Measles 

Average 

Measles 

Number 

89 

896 

95 

286 

13 

1 

Per cent 

— 

— 

1 

96 3 

i 

43 

04 


suscepable boys during a severe measles epidemic, there were five cases 
of oatis media and two cases of smusios m a group of fifteen unmocu- 
lated boys with measles and only one mild case of oaos media m an 
equal number of immunized boys who contracted the disease In the 
senes of cases reported to us by vanous physicians the mcidence of 
comphcadons has been approximately ten times as high m the small 
group among whom globulin failed to modify the disease as m the large 
group among whom the disease was attenuated (Table \TII) 

6 Control of measles m pedratnc 'wards Outbreaks of contagious 
disease are a source of frequent difficulty m the administration of pedi- 
atnc wards and institutions for children The availabihty, safety and 
rehabihty of y-globuim makes it particularly valuable for the control of 
such outbreaks y-globuhn has been administered to children exposed 
in 39 outbreaks of measles m hospital wards Table IX gives the results 
These have been so good that when a case of measles occurs on our 
wards, we now only isolate the pnmax)’- case and give a protective 
dose to the remaimng susceptible children Thereafter, any non-immune 
children admitted to the ward m the next 3 weeks should probably be 
immunized, but m practice we have immunized the newcomers only 
if mild measles dei'^elops m any of the onginal group 

c y-globulm m the treatment of measles Measles differs from many 
virus diseases m that its course can be influenced by antibody even 
after chmcal symptoms have begun Stokes, Mans and GeUis^^ were 
able to modify the course of the disease m a number of instances if they 
administered large doses of y-globulin (15-30 cc ) after the onset of 
the catarrhal stage but before the rash appeared Stokes^® has pointed 
out that, m the absence of chemotherapeutic agents for virus diseases. 
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the possibility of treating many of them with antibody still exists, 
provided the disease can be recognized sufficiently early 

B OTHER DISEASES 

There are a number of other infectious diseases for which it is con- 
ceivable that y-globuhn might provide a possible means of prophylaxis 
or therapy Chtcken pox is, if anythmg, a greater nuisance than measles 
on pediatric wards, but it is doubtful from the mcomplete evidence yet 
available whether y-globuhn provides an answer to this problem Al- 
though a fair titer of imiinps complement-ffiong antibody is present, 
Stokes and Enders®^ showed that m lo cc doses, y-globuhn would not 
protect susceptible children agamst this infection As yet, no chmcal 
studies of the utilization of the antibody against m^luervm A have been 
undertaken 

The fact that y-globuhn contams scarlatmal antitoxm m 2-5 times 
die concentration of most pools of scarlet fever convalescent serum 
has led to chmcal tnals of its effecDveness m the treatment of scarlet 
fever These studies are mcomplete as yet, but there is reason to beheve 
that concentrated y-globuhn may prove of value m both the therapy 
and prevention of scarlet fever 

IV Summary 

1 Concentrated human serum y-globuhn denved from blood col- 
lected by the American Red Cross contams a 25-fold concentraaon of 
most of the antibodies present m normal adult serum This makes it 
possible to give the equivalent of 125 cc of pooled adult serum m a 
smgle intramuscular mjecuon of 5 cc 

2 This material is now bemg distnbuted by the Amencan Red 
Cross, through Pubhc Health agencies, for the prevention and modifica- 
uon of measles, a purpose for which it has been proved particularly 
effecnve and safe 

3 Vffien admimstered m the Erst six days after exposure to measles, 
a dose of o 08-0 i cc per pound will give protection to roughly three 
out of four mdnnduals, with mild measles m the fourth, while a dose 
of one-quarter this much, or o 02-0 025 cc per pound will result in 
an attack of mild measles m most cases 

4 In a large senes of cases, very few reactions to mtramuscular m- 
jection of the globuhn have been observed, and these have been mild 
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and chiefly local 

5 The comphcation rate in modified measles appears to be defi- 
mtely lower than m the typical disease 

6 Studies are m progress to discover other chmcal uses for this 
convement form of concentrated human antibody 

REFERENCES 


1 Taylor, E S , Thalhimer, W and Cook- 
sey, W B The organization of a red 
blood cell transfusion service, JAMA, 
1944, ISi 958 

2 Cooksej, W B and Hor^iitz, W H 
Use of salvaged red cells, JAMA, 
1944, J&f 961 

8 Cohn, E J The plasma proteins, their 
properties and functions, Tr Stud , 
Coll Physrcians, Philadelphia, 1942, 10 
149 

4 Kendrick, D B and Newhouser, L R 
The problems confrontmg the Armed 
Services concerrung the use of blood 
substitutes, m Blood SubsMutes and 
Blood Transfu-tion, edited by Mudd, S 
and Thalhimer, W , Sprmgfield, 111 , 
Thomas, 1942, p 226 

6 Cohn, E J , Oncley, J L , Strong, L E , 
Hughes, W L and Armstrong, S H , 
Jr The characterization of the protein 
fractions of human plasmEi, J Chn In- 
vesUgaUon, 1944, S3 417 

6 Scatchard, G, Batchelder, A C and 
BrouTi, A The osmotic pressure of 
plasma and of serum albumm, J Chn 
Investigation, 1944, S3 458 

7 Newhouser, L R and Lozner, E L 
Use of human albumin m mihtary medi- 
cine, the standard Army-Navy package 
of serum albumm human (concentrat- 
ed), U S Navy 31 Bull, 1942, 40-796 

8 Janewav, C. A , Gibson, S T , Wood- 
ruff, L M, Heyl, J T^ Bailey, O T 
and Newhouser, L. R. Concentrated hu- 
man serum albumm, J Chn Investiga- 
tion, 1944, SS 465 

9 Coumand, A , Noble, R P , Breed, E 
S^ Lauson, H D , Baldwin, E DeF , 
Pinchot, G B and Richards, D W, Jr 
Chmcal use of concentrated human al- 
bumin in shock, and comparison with 
whole blood and with rapid salme m- 


fusion, J Chn Investigation, 1944, S3 
491 

10 Warren, J V, Stead, E A, Jr, Mer- 
rill, A J and Brannon, E S The 
treatment of shock with concentrated 
human serum albumin, a prelimmary 
report, J Chn Investigation, 1944, S3 
506 

11 Thorn, G S, Armstrong, S H, Jr, 
Dickerson, J , Woodruff, L M and 
Tyler, F The use of salt-poor concen- 
trated human serum albumin solution 
in the treatment of chronic Bright’s 
disease, to he published 

12 Edsall, J T, Ferry, R M and Arm- 
strong, S H, Jr The proteins con- 
cerned m the blood coagulabon mecha- 
nism, J Chn Investigation, 1944, SS 557 

13 Ferry, J D and Morrison, P R Fibrm 
clots, fibrin films and fibrmogen plas- 
tics, J Chn Investigation, 1944, S3 666 

14 Mornson, P R and Smger, M Note 
on the absorption rates of fibrin films 
in tissue, J Chn Investigation, 1944, 
SS 573 

15 Dees, J E Fibrmogen coagulum as an 
aid m tlie operative removal of renal 
calculi, J Chn Investigation, 1944, 
S3 676 

16 Hawn, C vZ, Bering, E A, Jr, Bai- 
ley, O T and Armstrong, S H, Jr 
Note on the use of fibrmogen and 
thrombin m the surface treatment of 
bums, J Chn Investigation, 1944, 23 
680 

17 Bermg, E A^ Jr The development of 
fibrm foam as a hemostabc agent and 
for use m conjunction with human 
thrombin, J Chn Investigation, 1944, 
SS 686 

18 Bailey, O T and Ingraham, F D The 
use of fibrm foam as a hemostabc agent 
m neurosurgery, chmcal and pathologi- 


2 2 2 


THE BULLETIN 


cal studies, J Ohn Investxgatxon, 1944, 
S3 691 

19 Bailej, 0 1 and Ingraham, F D Fi- 
brin films m neurosurgery with special 
reference to their use in tlie repair of 
dural defects and in the prevention of 
memngocerebral adhesions, J Clin In- 
vestigation, 1944, SS 697 

20 PiUemer, L , Onclej , J L , Melm, M , 
Elliot, J and Hutchmson, M C The 
separation and concentration of isohe- 
magglubnms from group-specific human 
plasma, J Clin Investigation, 1944, SS 
560 

21 DeGowin, E L Appraisal of isohemag- 
glutmin activity, J Clin Investigatian, 
1944, SS 664 

22 Williams, J W , Petermann, M L , 

Coloios, G C, Goodloe, M B, Onclej, 
J L and Armstrong, S H, Jr Elec- 
trophoretic and ultracentrifugal studies 
of solutions of human serum albumin 
and immune serum globulms, J Clin 
Investigation, 1944, SS 438 , 

23 Cohn, E J, Luetscher, J A, Jr, Onc- 
ley, J L , Armstrong, S H , Jr and 
Davis, B D Preparation and proper- 
ties of serum and plasma proteins, size 
and charge of proteins separating upon 
equilibration across membranes wltli 
ethanol-water mixtures of controlled 
pH„ ionic strength and temperature, 
J Am Chem Soc , 1940, 6S 8396 (See 
footnote p 3398 ) 

24 Enders, J F Concentrabons of certain 
anbbodies in globulm fractions derived 
from human blood plasma, J Clin In- 
vestigation, 1944, S3 610 

25 Surplus immune serum globulin for 
measles (Normal serum gamma globubn 
[human]), J^MA, 1944, 1S5 638 

26 Beeson, P B Jaundice occurring one 
to four months after transfusion of 
blood or plasma, JAMA, 1943, JSl 


1832 

27 Beeson, P B Hepatibs following in- 
jecbon of mumps conialescent plasma. 
Lancet, 1944, 1 814 

28 Propert, S A Hepabtis after propliy- 
lacbc serum, Bnt M J , 1938, S 677 

29 McKhann, C F The prevenbon and 
modification of measles, JAMA, 1937, 
109 -2034 

30 Greenberg, M, Frant, S and Rulstein, 
D D “Gamma Globulin” and “Pin- 
cental Globulm,” JAMA, 1944, 120 
944 

31 Stokes, J , Jr , Maris, E P and Gellis, 
S S Use of concentrated normal human 
serum gamma-globulm (liuman immune 
serum globulin) m the prophylaxis and 
treatment of measles, J Clm Investiga- 
tion, 1944, SS 681 

32 Ordman, C W, Jennings, C G, Jr 
and Janeway, C A .Use of concentrated 
normal human serum gamma-globulm 
(human immune serum globubn) in the 
prevenbon and attenuation of measles, 
J Clin Investigation, 1944, S3 541 

38 Sbllerman, M and Thalliuner, W At- 
tack rate and incubabon periods of 
measles, Am J Dis Child , 1944, 67 15 

34 Stdlerman, M , Marks, H H and Thal- 
himer, W Prophylaxis of measles witli 
convalescent serum. Am J Dis Child, 
67 1 

86 Memorandum prepared by Medical Of- 
ficers of The Ministry of Health, Ho- 
mologous serum jaundice. Lancet, 1943, 
1 83 

36 Stokes, J , Jr Use of immune bodies in 
the treatment of certam infectious di- 
seases (\irus and rickettsial diseases) 
caused by IntraceUular parasites, Yale 
J Biol ^ Med, 1944, 16 416 

37 Stokes, J , Jr , and Enders, J F , 
unpublished data 



OFFICERS AND STAFF OF THE ACADEMY 


1945 


President 

WiLi-i \-\t \\ Heriiick 
F tce-Pre»idents 

CoRXEUus P Rhoads J Wideta'm Hixtox J Bdhxs A'MnPRso's’ 

Treasurer Recording Secre(arg 

Shepard Krech Robert E PotrxD 



Trudees 


Harrt Araxoiv 

Ross Goldex 

Harold R Mixsi ll 

Georoe Baehr 

IfALCOLSt GoODRIDOE 

•Rorirt E Pound 

Arthur F Chace 

’Shepard Krech 

Charles F Texxey 

Kirba Dwight 

Willi \M S Ladd 

Orrix S Wiohtbiav 


Council 


The President 

The Vice-Presidents 

Tlie Trustees 

Tlie Treasurer 

The Recordmg Secretary 


The Chairmen of Standing Committees 
Director 

Herbert B Wn-cox 
Librarian 

Archibaia) Maeeoch 

Executive Secretary Executive Secretary 

Public Health Relation’) Committee Committee on Medical Education 
E H L CoBinx Maheok Ashford 

Executive Secretary, Committee on Medical Information 
Iaoo Gaedstox 

Library Coiisidtants 

Lae-ra E S-inTH B W WrivnEROER 

Legal Counsel 
Joiix W DA^^s, Esq 

EDITORIAL BOARD 

Jeroif P WrnSTFR, Chairman Maiilox Ashford, Secretary 

DAnD P Barr Arciiidaed Maixocii Philip I'av Inopn 

Robert F Loeb Walter W Pal-iieh K vrl ^'ooFL 


Ex-ofhcio 



BULLETIN OF 
THE NEW YORK ACADEMY 

OF MEDICINE 



MA\ 1945 


SOME PSYCHIATRIC ASPECTS 
OF NERA^OUS SYSTEM INJURIES^ 

AValter O Klingmax, Lt Colonel, MC, AUS 

vanety of problems produced by ncrv'ous s>^stem 
injuries has become increasingly important wth the 
progress of the war This has called forth a careful 
appraisal, assessment and formulation of adequate treat- 
ment of the peculiar interrelating special surgical, neuro- 
logical and psychiatnc problems mvohed This applies particularly to 
a large group of cases with a disabihrs'’ picture that is labeled “psycho- 
neurosis” or belong to the group labeled “post concussion neurosis” 
or “compensation neurosis ” 

The vaneties of post-traumatic reactions in terms of relationship 
benveen the severity and nature of the mjuty itself and the somatic 
and personality'^ responses are often difficult to differentiate, to treat 
medically, and to rehabilitate socially and economically It is hoped 
that the accumulated e\penences of many u orkers now confronted 
wnth these problems wall give us a more comprehensn e know ledge and 
more efficient therapy wnth which to meet these situations m both 
military and cnilian cases Because of the difficulties encountered in 
differcnnaoon of the traumanc and post-traumatic reactions, classi- 
fications of the psy’chiatric disturbances ha\ c not been too satisfactoty 
The military' or war injunes introduce complications which differ m 
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some respects from nervous system injuries sustained m civilian life 
The combmation of natural anxieties and tendency to worry or be con- 
cerned with prolonged war stress, sense of gnevance, constitutional 
predisposiDon, mahngermg or the simultaneous development of a psy- 
choneurosis under circumstances of exhaustion and fatigue, make for 
added confusion, particularly when there is also structural nervous 
system change 

In considermg the symptoms of acute mental disturbance as a result 
of general cerebral injury, the most constant results of such injury from 
the psychiatnc standpomt are the disturbances of consciousness These 
range from states of transient mterference m mild mjuries to profound 
and prolonged states of coma m the most severe cases Vanous grades 
of unconsciousness range between these extremes and for varying 
lengths of time 

The return from stupor or coma to normal consciousness is usually 
through a senes of stages coma, stupor, excitement or dehnum, com- 
bativeness, aggressiveness, confusion and automatism After full con- 
sciousness returns, the patient often is fully onented but has a period of 
amnesia, frequently of a retrograde character or a mental hazmess which 
dates from several mmutes to hours pnor to the mjury and extends 
through until the final return to normal consciousness This penod or 
gap m the consciousness usually remains as a permanent defect The 
return from the state of coma or stupor to consciousness may be asso- 
ciated from mmutes, hours, days or weeks with states of semi-coma, 
confusion, motor activity and conversational abihty but throughout the 
penod there may be complete disonentaaon and mabihty to maintain 
sustamed thought or expression This state may be difficult to differ- 
entiate from other states of complete dissocianon, parucularly in the 
combat area, especiaUy when there is no external evidence of a head 

mild mjunes momentar}’- states of confusion or being dazed may 
be foUowed by an automatism like that descnbed in cases of epilepsy or 
foUowmg electnc shock therapy m which the mdividnal may continue 
his activities either m a normal or abnormal manner and then may recall 
no part of them This also, in the combat area, may lead to confusion, 
make for umntelligent behavior and totaUy incomprehensible acaons 
In injuries of this grade, then, an amnesia and automatism are the 

strilung features 
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In other tj^es of mild mjury without imaal loss of consciousness 
there may be a form of delayed collapse after minutes or hours, some 
confusion of an m and out character, momentarj’^ blacking out, with or 
Mithout automatism, supposedly due to an mstabihty of the cerebral 
circulation consequent upon injury to its vasomotor apparatus, probably 
the result of damage to the brain stem 

In the severe brain injunes the individual is usually profoundly 
comatose and shocked If he lives, coma eventually becomes less deep 
and the senes of events already described begms and much depends not 
only on the concussion but on the individual’s personality With higher 
psychical functions temporanly suspended, the content of lower levels 
stands revealed, whether as a result of edema or from the effects of con- 
cussion Itself In these severe cases complete recovery does not always 
follow and signs of local damage are likely to be found and recovety 
may never reach the completely normal state Specific defect dis- 
orders, emotional and cognitive changes may appear m the post con- 
fusional state 

Conscious activity composes many different functions which must 
all be present before the behavior can be said to be normal Any of 
these functions can be eliminated selectively by various types of bram 
lesions Speech may be impaired by lesions in the temporopanetal area 
of the cortex Lesions of the occipito-panetal area may give nse to other 
special defects Tlie same rule of breakdovTi and recovety after cerebral 
lesions applies to the other higher cerebral functions— memory, orienta- 
tion, perception and imagination, and maintenance of emotional attitudes 
and stabile behavior patterns Elimination of any of these funenons 
resolves itself into a restriction of the background specific to that 
function It IS on the proper activity of this background that the func- 
tion Itself depends 

Apart from residual s}’’mptoms due to such local structural damage 
as has been mennoned, in some cases symptoms indicaave of more gen- 
eral disturbance of cerebral funcaon may persist for varying lengths 
after cerebral injuty and may even be permanent This is especially 
true in elderly and artenoscleroac subjects, vhere some degree of 
mental defect is more apt to ensue These defects express themselves 
chiefly as defects of memoty and of judgment vath impaired emotional 
control, eas}^ fatigue of both attention and of physical effort These 
sa'mptoms frequently do not stand in any close relationship to the clinical 
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As a rule most head injuries tend to recover completely and one 
infers that no structural damage has been sustained by the brain In the 
others, however, it is difficult from then on to correlate persisting 
symptoms where recovery stops short of complete, as lesions may be 
present in the total absence of specific signs and symptoms With the 
resources now available to us, disorders of cerebral funcDon are more 
readily associated with discoverable and demonstrable lesions Much 
recent outstandmg work has been done towards assessing the severity 
of brain damage and is bnnging us closer to more nearly accurate 
appraisals 

By far the commonest residual syndrome is that of headache, diz- 
ziness and emotional instabihty This may persist for many months or 
for many years, is more apt to be long lasung in middle aged and 
elderly persons and often m paaents whose injur)'^ is compensable or 
IS carried on as a full expression of a psychoneurosis, someomes of other 
origm than the cerebral trauma itself Lesions in specific parts of the 
brain may facihtate neurotic reacoons of the total personahty and the 
orgamc consequences of head mjunes may become the nucleus around 
which neurone amtudes ctystallize The organic nucleus may be 
transformed, therefore, mto that of the neurone 

This suggests tliat in the syndrome or in the origin of the psycho- 
neurosis, there is an mterplay of physical and psychological factors 
Unfortunately, the climcal critena by which v'e might hope to dis- 
nngmsh psychogemc from physical elements in this symptomatolog)'- 
are by no means that disnnct At this time it is not considered possible 
to list or classify by any parncular s>miptoms or cnteria, for any 
S}miptom may have either psychoneurouc or organic basis, be due to 
diffuse degenerative change, focal or transient damage or be the ex- 
pression of a latent ps^mhoneurosis by a generalized physical effect 

Up to this pomt the psychiatric management of cerebral injunes 
should be confined to the needs of the immediate post-traumatic state 
Ven^ defimte improvement m the procedures of management of head 
injuries in this war has been made soon after stabilizauon or clear con- 
sciousness IS regamed Graduated programs of acuvity are frequently 
started mthm 24 to 72 hours after regaining consciousness with return 
to light dun" m two eeks and full duty in six v ecks time One of the 
outstanding features m this early handhng of these cases is the attempt 
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at complete divorcement from the idea that the mjur)'- is senous because 
It mvolves the head, that caution must be exercised from over-domg 
mentally and that such thmgs as dizzmess, headaches and nenmus 
symptoms are to be expected It also helps to eliminate the penod of 
incubation m ivhich the panent is meditating upon the sulfermg and 
derangement of his hfe caused by an accident for which, in most m- 
stances, he knows some one else may possibly be made legally respons- 
ible The element of suggesabdity by thoughtless reminders on the part 
of doctors and nurses can be potent factors Furthermore, the Army 
hospital IS not, as a rule, convenient for frequent visitmg or any visitmg 
by well meamng relatives, fnends and claim agents who may be so 
helpful in buildmg that post-traumatic cnppled personality’' of civdian 
hfe On the other hand, m an maccessible theatre of mihtary’^ operaoons, 
treatmg a panent with head mjurv’' who may be emotionally unstable 
IS not prognostically the same as the mdividual elsewhere, so that the 
element of secondary gam may be a potent factor in the production of 
a neurosis in the mihtar)’' theatre of operations Hov’ever, by and large, 
this new important step of immediate post-traumaac management and 
ehnunation of the mcubation penod has gamed many converts among 
the neurosurgeons and neuropsy’-chiatrists m this war 

The mcorporaaon of convalescent and rehabihtation programs, the 
like of which is difficult to emulate in any civihan hospital, must be 
credited with much of the reversal of opimon regardmg early post- 
trauma management of cerebral injunes when, not so long ago, pro- 
longed bed rest, reduced physical and mental activity'-, restramt from 
duties for many months to a year was not an unusual prescription 
In this early activity phase there is mtroduced the psy'^chological 
help calculated to strengthen the ego Persuasion, strong suggestion, 
re-identification with the group, and stimulation of the ego-ideal result 
m an earlier return to acnve duty status before the stage of actual 
neurosis formation may be reached Convmcmg reassurance, firmness 
in the pressure to return to duty and strong suggestion is most con- 
ducive to avoid binding anxiety to a symptom Despite this, hoivever, 
the physiological consequences of the trauma m many cases affect the 
function and structure of the bram to the extent that they offer ma- 
tenal for the neurosis The trauma brmgs about psy’-chological change 
or activates latent or active neurosis of considerable seventy Fear of 
future ill health and unemplo}’ment are frequent natural factors 
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When the elements of neurosis begm to dommate the picture the 
symptoms begm to assume bizarre quahoes and to be complamed of 
as bemg very disabhng Headaches not only become more contmuous 
and fantastic but many other complamts are added The emotional at- 
titudes change and it is very difficult to explam the attitude perv'^ersions 
on the basis of structural damage to the bram When these symptoms 
and changes become apparent, the time then has arrived to evaluate the 
symptoms and assess the role of psychobiological factors m the symp- 
tom complex 

At this pomt where the elements of a neurosis begm to dommate the 
picture we agam find that there has been defimte advancement in psy- 
chiatric management Cases, particularly with anxiety and hysterical 
features, comprise a high percentage of these reactions, but almost any 
clmical expression of the psj^choneurosis may become manifest Our 
first duty is to stnve for some appraisal of the physio-psychological 
aspects of the nervous system mjury and attempt to estimate separately 
the organic residua and psychoneurotic symptoms Just as m the medical 
and surgical treatment of nervous system mjunes, each case must be 
studied and treated accordmg to its pamcular ments No injury is 
such a clinical entity for which a cut and dned Ime of treatment can 
be prescribed This is also true of persistent after-effects 

In their order and when necessar)^ the foUowmg are mdicated in 
the clmical evaluation at this pomt (i) Painstaking neurological ex- 
ammanon (2) Evaluaaon of emotional factors and thorough attempt 
at a sound, rational understandmg of possible conflict between the un- 
conscious sources of anxiey and the ego forces together with an under- 
standmg of the s)^mptoms produced by psychological defenses, regres- 
sions and collapse (3) Psychological testing by specialized techniques, 
such as the Rorschach, Shipley-Hartford and others (4) Electroen- 
cephalography (5) Pneumoencephalography 

Some discussion of these evaluations warrant attention, particularly 
the evaluation of the emotional factors and methods for combaong 
them Agam, we have profited by the expenence of this war m the form 
of bnef ps)mhotherapy msatuted m some theatres soon after the ap- 
pearance of the traumatic neurotic expression, whether it foUoivs in- 
mnes to the cerebrum or not Narcoanalysis, narcosis therapy or nar- 
cos^mthesls cannot be called exactly new smce they have been used in 
civflian pracDce for the last ten years or so Their free use, however. 
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has been necessitated and catapulted into the foreground by the urgent 
demands for qmck brief therapy m the armed forces This stands qmte 
m contrast to the last war where rest, sedation and persuasion were 
chiefly used 

Actually, the apphcation of this techmque m prevention and treat- 
ment of neurosis following nervous system mjuries has added to the 
understandmg of the dynamic conflict between the unconscious sources 
of anxiety and the ego forces and to the evolvement of short term 
techmques derived from psychoanalytic pnnciples In this, time has 
been gamed m that the period necessary to work through resistances 
m an effort to bnng repressed emotions to consciousness has been 
ehminated Likewise, uncovered anxieties can be tolerated without 
lengthy prehmmary strengtherung of the ego 

Conditions of war brmg new factors to play upon the soldier’s ego 
that are distmctly different from the conditions that prevail m civflian 
hfe as a result of accidents The civflian traumatic neurosis occurs usu- 
ally as a result of a smgle violent stimulus The soldier, however, rarely 
develops his traumatic neurosis as the result of a single expenence but 
as a result of accumulated sdmuh, difficult physical condmons, mtoler- 
able environmental conditions, protracted separation from supportmg 
and fnendly human relationships and of sudden disruption of close per- 
sonal ties with dead, wounded or mjured comrades The mjury here 
IS often the stimulus for a new and serious conflict with the ego ideal, 
mducmg and provokmg thereby the psychoneurotic expressions Nar- 
coanalysis followed by ps}^chotherapy as the panent recovers from the 
narcosis results often m dramatic release of the imconscious psycho- 
logical tensions, strengthens the ego forces and decreases the seventy 
of the super-ego pressure This has resulted m qmck return to duty 
or combat or, at least, return to hrmted mflitary service status, and m 
others it has offered the first steps to return to civilian life as useful 
members of society This is particularly true of the cases with old latent 
anxieties and resentments dating back to civflian or early hfe penods 

Reacnons of a depressed nature can be treated with convulsive 
shock therapy but must be carefully selected This is another aid avail- 
able m this war that was not at hand m World War I 

In the cases where it is difficult to distinguish the degree of physio- 
logical-psychological damage as a result of trauma, careful neurological 
exammation must be relied upon and, just as the mtermst may turn to 
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the laboratory for a final decision, the neuropsychiatnst calls upon 
laborator)'^ procedures for help Psychological testing makes it possible 
almost always to differentiate between organic and psychogenic dis- 
turbances Pneumoencephalography and electroencephalography in se- 
lected cases, and when indicated, may uncover defimre positive findings 
of structural and physiological change as a result of the trauma 

These are the patients who require special consideration for their 
specific handicaps and are potential candidates for prolonged rehabih- 
ration handlmg Their worries about cure, hvehhood, boddy helpless- 
ness and future disturbances of social and econormc nature are real and 
offer a tremendous challenge and appeal for life in the future without 
dependency on the family or the country 

Another clmical picture presented by effects of injury to the cere- 
brum by concussion, shell, bomb or other explosion is that associated 
with subdural hematoma or effusion The picture here is quite different 
qualitatively from the psychoneurosis with anxiety or hysterical states 
encountered after head injuiy^ In the latter, extreme restlessness, motor 
activity, tension, mghtmares and insomnia are prevalent Noises, sounds 
of airplane motors, exhaust explosions are triggers sending them into 
profound anxiety The subdural cases, to the contrary, present one of 
two syndromes 

In the most frequent syndrome there is marked retardation in intel- 
lectual activity and personahty interrelationships The facies is one of 
dulness w ith but little play of facial expression The emotional tone is 
flat Attention is mipaired and responses are slow Answers to quesnons 
are devoid of descnpnon and detail The whole approach to life situa- 
nons is one of superficiality and gettmg by without complicated mental 
acavity The paaent may or may not complain of headaches but he 

IS usually not dramatic in his complamts 

The less frequent syndrome occurs m those cases of subdural hema- 
toma of longer durauon and demonstrates the more classic picture 
usually associated with the orgamc reacnon types The most striking 
feature is the impairment of inhibinon or restraint, producing a euphoric 
and somenmes facenous air Motor restlessness with exaggerated man- 
nerisms and gesticulaaons may be prominent The emotional tone may 
be labile and explosive There may be poor judgment, undue produc- 
tivity, unusual expressions of hostilitx^ and lack of restraint Definite 
. or^^amc intellectual defects in the form of distractabiht^y raemoix^ fail- 
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ure, perseveration and repetition and circumstantiahty may be present 
Infrequent or mimmal neurologic findings are the rule and as a result 
cases with subdural hematoma or effusion repeatedly are considered 
functional Pneumoencephalography and psychological testing are often 
necessary for a final diagnosis and treatment by the neurosurgeons 
In yet another group there are the debatable cases where the rela- 
tionship between head mjury and mental disease is not so clear, other 
than that the trauma may sen'^e as the immediate precipitating agent 
producmg a delmum tremens, a schizophrema, a neurosjqihihs or manic 
depressive or other psychosis A certam group of these mental changes 
bear only an mdirect relationship to the trauma which acted as pre- 
cipitant on a pre-evisting psychopathic state rather than as the direct 
etiologic agent On the other hand, there are a group of organic mental 
syndromes foUovnng brain injury that can be dehneated as defimte 
post-traumanc psychopathy in individuals who never had signs of psy- 
chopathic states before sustaming injury 

Before closmg, a few remarks are in order concerning psychiatric 
aspects of penpheral nen'^e and nerve trunk injunes just as in cerebral 
trauma, injury to nerves may precipitate vanous types of neurotic be- 
havior, either the orgamc consequences become the nucleus around 
which neurotic attitudes develop or latent psychoneuroses gam e\pres- 
sion by the generalized effect of the trauma and the prolonged effects 
of convalescence, cnpplmg and handicaping The demands for capacity 
to adjust to new situations created in life by these handicaps may be 
very great They may be influenced also by the phantoms that may 
follow amputations of either painless or pamful character or may appear 
m unamputated paralyzed limbs deprived of sensation by injury to the 
nerves These lesions force the realization in cases with amputations in 
acceptmg physiologically as v^ell as psychologically the shortened limb 
One of the great difficulties encountered in these cases is the failure to 
possess or develop a strong natural aptitude to elongate the limb at will 
in the use of tools very much like the individual who never succeeds 
in acceptmg or mcorporatmg his artificial teeth The competency of 
this aptitude for projection vanes m different indniduals, depending 
largely upon their stability'' and their mherent adaptive capacity 

Out of the war-time experience have ansen certam facts for em-^ 
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phaas Many individuals developing disabling neurosis after head injury 
suffer from latent or active neurosis before exposure to military life or 
from neurosis mcidental to the war experience The patient’s history 
frequently gives evidence of previous neurosis, psychoneurotic and 
neuropathic traits, unsatisfactory sexual adjustment, marked mood 
swmgs, seclusiveness, schizoid charactensacs, extreme rigidity, excessive 
timidity, childhood fears, parental dependence, asocial acts, and previous 
psychological traumata Individuals with such characteristics in their 
make-up should not be considered for either mihtary or civil assign- 
ments where the elements of special danger and personal physical risks 
are great Industry can well afford to profit by methods of selection of 
prospective employees for such jobs and positions similar in purpose to 
those used by the armed forces m selection of personnel for highly 
dangerous and hazardous undertakings, specifically such as m the flymg 
and submanne branches of the service Even if a psychiatric staff can- 
not be employed or provided, the development of psychologist selec- 
tion staffs should be encouraged The specific psychological tests and 
appraisals now available leave no excuse for haphazard selection of such 
employees 

Conclusion 

In conclusion, several valuable psychiatnc factors have been intro- 
duced m the management of nervous system mjunes by the expenences 
of this war Prophylacuc psychotherapy during the management of the 
immediate post-traumaac phase had reduced persistent disabihty pros- 
pect Apphcation of short term techniques of therapy based on psycho- 
anal)mc prmciples, followed by sound rehabihtation programs has been 
most helpful m the treatment of nervous system mjunes with subse- 
quent neurotic expressions Diagnosac and prognostic aids from psycho- 
logical testing, electroencephalography and air encephalography may be 
necessary m the fuU appreciation of either structural damage or the 
psychoneurouc state Those cases mth mtxed pictures of organic and 
funcuonal disturbances require management according to the merits of 
their particular cases, either by prolonged psychotherapy, programs of 
rehabilitation or by the protecQve environment of insntutional life 
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THE PRESENT STATUS OF THE 
ETIOLOGY OF PRIjMARY ATYPICAL 
PNEUMONIA* 

Commission on Acute Respiratory Diseases** 

John H Dingle, Director 

-^RiMARY atypical pneumonia has been well recognized as 
a distmct climcal entity during the past six years Ex- 
cept in a small propomon of cases, the syndrome may 
be differentiated readily from the common bactenai 
5^ pneumomas Epidemiological observations have been 
made of the disease under conditions of endemic and epidemic spread ■* ^ 
The possible relationship of atypical pneumoma and undifferentiated 
acute respiratory disease has been pomted out by several mvesogators ® 
Although the climcal and epidemiological aspects of primary atypi- 
cal pneumoma have been quite well characterized, much uncertamty 
and obscurity soil exist tvith respect to the cause of this syndrome It 
has been recognized for some time that similar climcal illnesses may be 
produced by certam well-known agents The relatively mmor role of 
such agents m the production of atypical pneumoma as seen today, 
however, has not been emphasized 

We UTsh to present tomght a review of the present status of the 
etiology of primary atypical pneumoma and a summary of the studies 
carried out by the Commission on Acute Respiratory Diseases m an 
attempt to transmit this disease to animals and to human volunteers 

Atypical Pneumonia Caused by Known Agents 
The climcal syndrome of atypical pneumoma may be produced m 
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Its essential charactenstics by a variety of agents, including bacteria, 
fungi, Rickettsia, and viruses An eaological diagnosis can be estab- 
lished in these cases by the use of procedures such as intradcmial tests, 
isolation of the agent, and immunological or serological tests with the 
paaents’ acute-phase and convalescent-phase sera ^'Vhen posinve results 
are obtained, the illness must be considered as a pneumonia of specific 
etiological type and the diagnosis of pnmary atypical pneumonia should 
not be employed In tins respect, particular niennon should be made of 
the psittacosis-lymphogranuloma or ornithosis group of viruses Several 
recent pubheauons have indicated that these viruses cause many cases 
of so-called primarj^ atypical pneumonia While there is no doubt 
that localized outbreaks as well as sporadic cases of pneumonia due to 
these agents can occur, the data now accumulating indicate that the 
great majonty of cases of primary atypical pneumoma are not caused 
by the psittacosis or related viruses During the past three years 
of the Commission’s experience m the Army, the diagnosis of psittacosis 
or ormthosis has not once been estabhshed in a senes of more than ^00 
patients with atypical pneumoma and other respiratory infections 

The bactena, fungi, Rickettsia, and viruses known to produce pneu- 
monia must therefore be sought and excluded as a cause of illness in any 
study of primary atypical pneumonia It now appears to be established, 
however, that all of these known agents taken together account for an 
exceedingly small proportion of the total number of cases diagnosed as 
pnmarjr atypical pneumoma, in civilian as well as in militaty popula- 
tions 

Prfmary Atypical Pneuaionia of Unknoiw Cause 

Extensive investigations have been carried out dunng the past feu- 
years in a number of laboratones in an attempt to transmit pnmary 
atypical pneumonia of undetermined cause In most of the tvork labora- 
tory ammals of vanous species have been employed Isolation of the 
causative agent has been claimed or implied in several recent publica- 

Aiwml expermientatioii In 1939, Stokes, Kenney, and Shaw^ re- 
ported the transmission of a pncumotropic agent from the sputa of 
patients uuth at>T)ical pneumonia to ferrets and mice Unfortunately 
the agent was lost after several passages in mice and its serological re- 
laaonship to the patients’ illnesses was not established The following 
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year AVeir and Horsfall-^’ reported the recovery from paaents m ith acute 
pneumonias of a virus causing pneumonia in the mongoose E\pen- 
ments with otlier animal species yielded neganve results The specimens 
employed were obtained from paaents whose illnesses were consistent 
vnth a diagnosis of primary atypical pneumoma The agent could ap- 
parently be mamtamed in chick emblems without the production of 
lesions On transmission in the mongoose, lesions were produced -with 
some irregulanty Neutralizaaon with convalescent sera of the paaents 
could not be obtamed on miaal moculaaon of serum-virus multures, 
but was evidenced from a lower percentage of lesions m the mongooses 
by serial passages, m contrast to the results when acute-phase serum- 
virus mixtures were employed 

It may be of significance that the above two mvesagaaons were 
earned out on cases occurnng duiing a penod when atypical pneumoma 
attracted the aaenaon of physicians m several Eastern ciaes ^ While 
It IS likely that recogniaon alone accounted for the reported prevalence 
of the disease, it is also possible that the cases were unique eaologically 

In the past three years several other reports have appeared Blake, 
Howard, and Tatlock*^ isolated a pneumotropic agent from cats ill 
concomitantly with human cases of atypical pneumonia m a smgle 
household Neutralizaaon tests, though mcomplete, suggested that the 
human and fehne illnesses might have been due to the same agent 
BakeT^ likewise isolated an agent from feline pneumonia and suggested 
Its causal relaaonship to human atypical pneumoma Baker’s agent, how- 
ever, subsequently proved to be a virus of the psittacosis-lymphogranu- 
loma group 

By the intranasal moculaaon of cotton rats with sputa from cases 
of atypical pneumoma in the Army, Johnson” obtamed pulmonary 
lesions On passage of the lungs of these animals, however, lesions failed 
to persist unth any degree of constancy 

Eaton, iMeiklejohn, Van Henck, and Talbot^’’*® also found lesions 
m cotton rats and hamsters moculated with sputa and lungs from pa- 
aents with atypical pneumoma More consistent results were obtamed 
by the moculaaon of chick embryos with matenal from the paaents 
and subsequent moculaaon of cotton rats and hamsters with the chick 
embrjm tissue Usmg this technique, it was found that convalescent sera 
from paaents u ith atypical pneumonia prevented the producaon of 
lesions by the chick embryo tissue m most of the ammals 
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Horsfall and his coworkers-“ likewise obtained lesions by direct 
intranasal inoculation of cotton rats with sputa from certain cases of 
atypical pneumonia, but the lesions were not maintained on passage 
These investigators further found that many of the ammals, if permitted 
to survive, developed neutralizmg anobodies for the pneumoma virus 
of nuce Convalescent sera from patients with atj'pical pneumonia, 
when nuxed with the sputum prior to moculadon, prevented the de- 
velopment of such antibodies, although these sera themselves contained 
no antibodies to the mouse virus It was subsequently found^^ that anti- 
bodies to the pneumoma virus of mice could be stimulated non-specific- 
ally m cotton rats by moculatton of substances such as broth Thus the 
appearance of these antibodies may well result from evokmg a latent 
virus, but the abihty of convalescent atypical pneumoma sera to prevent 
the development of die anabodies remains an unexplamed observation 

Rose and Alolloy^- reported the occurrence of pulmonary lesions m 
newly-weaned gumea pigs moculated mtranasally with specimens from 
patients ill with atypical pneumoma Immunological confirmation of the 
relation of such lesions to atypical pneumoma could not be obtamed 
however, and Rose^^ now holds the opmion that no causal associanon 
exists 

Sanders®^ has isolated a virus m tissue culture and mice from the 
sputum of a case of atypical pneumoma The virus produces a fatal 
encephahas m nuce but fails to cause pulmonary lesions A strain of this 
virus, kindly supphed by Major Sanders, has been studied m the Com- 
mission laboratory The development of anubodies to this agent dunng 
the course of atypical pneumoma could not be demonstrated by the 
neutralizaaon test m mice The agent appears to be a vanant of the 
herpes virus 

An unusual combmanon of immunological reactions can be demon- 
strated with convalescent sera from cases of atypical pneumoma They 
are, first, cold hemagglutmanon, second, fixauon of complement with 
a variety of dissimilar antigens, third, prevention of the development 
of antibodies to the mouse pneumoma virus, and last, agglutinanon of 
an mdifferent streptococcus In general, the reactions are found ivith 
greatest constancy m sera from the most severely ill patients 

The development of cold agglutinms for group O human erythro- 
cytes m the sera of paaents with pnmary atypical pneumoma has been 
reported by a number of invesagators The propornon of cases 
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sho\Mng tills reaction has varied in different senes from about 30 per 
cent to almost 100 per cent, dependmg m all probabilit}' on the factors 
of selecnon v hich entered mto the a\ ailabihty of the cases In an Army 
hospital, for e\ample, a large number of patients vntli atypical pneu- 
moma have such mild illnesses that they vould not be hospitalized m 
civilian life Thus far, no clues to the causaave agent of atypical pneu- 
monia have been afforded and substanoated by the reaction of cold 
hemagglutmation 

Tliomas and his co-workers^^ have reported that the sera of certain 
panents comalescmg from pnmar)’- atypical pneumoma have the ca- 
pacity to fix complement inth a vanety of antigens, particularly those 
consisting of fresh suspensions of tissue Pupation occurred with suspen- 
sions of vanous organs from different animal species, regardless of 
whedier the ammals v'ere normal or infected vuth one of set eral viruses 
These results have been confirmed on a limited scale m the Commission 
laboratoty 

The capaaty of convalescent sera of cases of atypical pneumoma 
to preient the development of antibodies to the pneumoma virus of 
nuce m ammals moculated with sputum^ has already been discussed 

In 1943, Thomas and his co-v orkers'*- at the Rockefeller Institute 
reported the isolation of an mdifferent streptococcus from lungs and 
sputa of certain cases of pnmarj'^ atypical pneumoma This orgamsm is 
agglutinated by convalescent-phase sera from some panents with at3'pi- 
cal pneumonia It is closely related immunologicaUy to Streptococais 
sahiitrnis, t)’y)e and owes its serological reacnvity primarily to a cap- 
sular pol'V’sacchande The organism m pure culture is not pathogemc for 
experimental animals Cross-adsorpnon tests have shovm that the agglu- 
tinins for the streptococcus are distmct from cold agglutinins for human 
group O er)'throc)T:es Ac the present time, the role of the bacterium 
m the causanon of pnmar}^ at}’pical pneumoma is obscure 

The convalescent sera of many cases of pnmaty atypical pneumoma 
thus have the capacity to react immunologically m a vanety of v ays and 
Math grossly dissimilar anngemc substances A^ffule it is possible that 
these substances all have anngens m common with the causanve agent 
of atj’piical pneumoma, yet another tenable h)*pothesis is that the \ anous 
reactions reflect an alteration in the serum proteins and their reactivity, 
M hich is demonstrable non-specifically 

Repeated attempts to detect or isolate the causal agent or agents of 



240 


THE BULLETIN 


primary atypical pneumoma have been made m the Commission labora- 
tories durmg the past three years Throat ivashmgs, sputa, and blood 
from more than sixty cases of atypical pneumoma have been utilized 
In addmon, lung, spleen, bram, and other tissues from stx fatal cases 
have been studied In so far as possible, bacteria, fungi, Rickettsia and 
known viruses were sought for and excluded as causative agents in these 
cases 

Throat washmgs, sputa and lung have been subjected to fractional 
ultracentnfugation The various fractions so obtamed have been used 
m animal experiments as mocula, and in complement-fixation tests as 
antigens with acute-phase and convalescent-phase sera from cases of 
atypical pneumoma The results failed to indicate the presence of any 
specific agent Examination of the fractions with the electron microscope 
revealed no characteristic particles not also found in control specimens 

Extensive animal experimentation has been done, employing vanous 
routes and methods of moculation, with and without adjuvants, such 
as mucin No agents which could be related defimtely to the human 
disease have been isolated in chick embryos, chickens, doves, Java nce- 
birds, mice, gumea pigs, ferrets, rabbits, dogs and three species of mon- 
keys Similar negative results were obtamed with cotton rats and kittens 
A series of experiments^® employing the mongoose as the experimental 
animal has been earned out in the Antilles Department Medical Labo- 
ratory in Puerto Rico with the collaboration of Major G J Dammin 
and Captain T H Weller Throat washmgs from seven cases of primary 
atypical pneumoma, sputa from six cases, lung from two fatal cases, and 
control specimens were moculated mtranasally and passed senally in a 
total of 265 mongooses An agent was not isolated, nor could chmeal 
or pathological evidence of pulmonary mfecuon be demonstrated m 
these animals 

A great deal of the animal experimentation in the Commission Labo- 
ratory has been difficult to mterpret due to the occurrence of non- 
specific or spontaneous pulmonary lesions foUowmg mtranasal mocula- 
tion and passage At times, latent agents which could be identified have 
been evoked, such as the pneumoma virus of mice and viruses of the 
psittacosis-lymphogranuloma group At other times, lesions have ap- 
peared m one passage, only to disappear completely on subsequent pas- 
sage of those lungs Extensive controls have been employed and m no 
instances have lesions appeared folloumg moculation of matenal from 
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patients with atypical pneumonia, \\hich could not be duplicated in 
control senes 

Thus, the occurrence of non-specific lesions and possibly the evoca- 
tion of latent agents may account for much of the confusion and con- 
flicnng reports m the literature regarding the causative agent of pnmaty 
atypical pneumoma At all events, it would appear that detailed control 
senes must be employed at all stages in animal e\penmentaaon— not 
only for attemptmg isolauon of an agent, but also for relating the agent 
so obtained to the human disease 

Human experimentation In view of the eqmvocal results in animal 
im estigations, it seemed desirable to study experimentally the trans- 
mission of pnmaty atypical pneumonia in the natural host, man One 
such study has been reported Vance, Scott, and Mason^“ were unsuc- 
cessful in transmitting the disease to seven volunteers by mtranasal in- 
oculation Mith filtrates of sputa and nasal m ashings 

The experiments summarized below have been earned out m human 
beings to determine (a) whether or not the disease is transmissible with 
secretions of the respirator)’- tract of ill panents, and (b) whether or not 
bactena-free filtrates of such secreaons are capable of mducing infec- 
tion The subjects were conscientious objectors who volunteered after 
the nature of the mvestiganon had been completely explained to them 

The first expenment^* was conducted m October, 1943, m a Civilian 
Public Service camp near Gathnburg, Tennessee A roentgenographic 
sun’ey of the entire personnel of the camp failed to re\ eal any cases of 
atypical pneumonia Accordmgly, fifteen volunteers were placed m 
group isolation m the camp’s infirmarv’^ During the next five days, the 
men were examined daily for evidence of respirator)’- disease Three 
individuals developed mild, afebnle upper respirator)’- infections during 
this time and were not moculated None of the three developed evidence 
of pulmonaty mvolvement at this period or subsequent!)'- Despite this 
complication, the remaining twelve men v ere moculated x\ ith a pool of 
untreated sputa and throat v ashmgs from seven cases of at\’pical pneu- 
moma The sputa and throat v ashmgs w ere niLxed and sprayed from an 
atomizer and nebulizer into the nose and pharynx of each volunteer, 
S)TicIironizmg the spra)ang with his inhalations 

Respirator)’- illnesses developed m ten of the w elve \ olunteers in- 
oculated Tliese illnesses \aried m their clmical characrensnes, se\enr>% 
and course In t« o of the men the infections v ere mild m ithout fe\ er 
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In the remaining eight cases, fever developed from approximately 7 to 
22 days after the moculations Three of the eight showed no evidence 
of pneumoma at any tune, but charactensuc “sticky,” subcrepitant 
rales were present m the lungs of 5 patients The roentgenograms of 
three of these patients showed minimal patchy infiltration m one or 
both lower lobes, and their illnesses were consistent climcally with mod- 
erately severe atypical pneumonia The lUnesses of the other two pa- 
tients were similar to those considered as “suspected atypical pneu- 
moma” or “bronchitis resembhng atypical pneumoma,” m that the clun- 
eal ifiness and physical signs were charactensac of atypical pneumonia, 
but pulmonary mfiltraaon was not demonstrable roentgenographically 
The sera of three of the men showed cold agglutinins m titers of 64, 
128, and 256, respectively, durmg the course of their illness None of 
the patients developed agglutimns for the mdtfferent streptococcus or 
antibodies for the influenza viruses 

These prelimuiary results were encouragmg, even though mterpre- 
tation was compheated, first, by the occurrence of mild respuratory m- 
fecdons in three of the group before the tune of moculadon, secondly, 
by the possibility of cross-mfecdon among the twelve moculated men, 
and, lastly, by the failure of any of them to develop pronounced pul- 
monary mfiltradon None the less, the illnesses of three of the men, fol- 
lowing moculadon, were climcally charactensdc of atypical pneumoma, 
and no similar illnesses occurred in the other personnel of the camp dur- 
mg the period of the experiment Moreover, the mfecdons were neither 
similar to the common cold climcally,^® nor to influenza clmically and 
immunologically 

The second experiment was earned out m June and July, 1944 
Thirty-six volunteers were placed m isoladon m individual rooms 
eqmpped with pnvate baths on the 2nd and 3rd floors of a 75-room 
hotel Quarantme was mstituted to prevent chance exposure to atypical 
pneumoma through outside contact, and was mamtamed for a penod of 
three weeks pnor to moculadon, smee the available evidence suggested 
this mterval as the maximal limit of the meubadon penod The usual 
isoladon techmques of a contagious hospital were msdtuted and mam- 
tamed Complete exammanons, mcludmg roentgenographic, electro- 
cardiographic and laboratory studies were done The men were observed 
on alternate days for symptoms and signs of respiratory mfecdon Any 
one with acute or chrome orgamc or mfecnous disease was rejected 
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After three weeks of isolation and observ^aaon, the men were inocu- 
lated in three groups of twelve persons each, as folloAt s (a) untreated 
throat washings and sputa pooled from seven cases of primar)’^ arv^pical 
pneumonia, (b) the same matenal, filtered through smtered glass and 
Seitz filters, and (c) die same material, autoclaved Tlic inoculations 
were made on a single day, utilizing first floor rooms located m one \\ ing 
of the hotel as remote from the rooms of the volunteers as was possible 
Tliree separate rooms, on the same side of the hall, \\ ere employed for 
the three types of inocula Sheets, wet with cresol soluaon, ere hung 
o\ er the doors outside the rooms The doors were opened frequently to 
admit entrance or e\it of the volunteers and investigators 

Each man received a total inoculum of 10 ml administered in three 
equally divided doses by spraying in synchronization MUth deep in- 
halation The matenal was sprayed by three methods hand atomizer, 
hand nebuhzer, and an atomizer powered by a motor-dnven air pump 
—the pow'cr spray commonly employed by otolarjmgologists The 
power spray Mas used first for the filtered matenal, secondly for the 
autoclaved matenal, and finally for the untreated moculum The eqmp- 
ment M^as stenhzed between each set of inoculations, with the excep- 
tion of the inner surface of the air pump on the potver spray M'hich 
•was overlooked The volunteers and professional personnel xvere masked 
and gOMmed in an attempt to prevent cross-infecnon or extraneous ex- 
posure Precauuons were taken to insure consistencj’- and comparability 
in the inoculations of the three groups of men 

Ten cases of atypical pneumonia developed among the thirty-six 
1 olunteers Tlie cases vaned in seventy but all were characteristic of 
the disease as it has occurred in the Axmy The folloMing charts and 
brief case summanes xvill illustrate the essential character of the chnical 
illnesses and radiographic findmgs 

Cold hemagglutinin aters of <54 or greater developed in the sera of 
se\ en of the ten cases of at)q>ical pneumoma during the course of ill- 
ness Agglutnuns for the mdifferent streptococcus, Rockefeller strain 
344) developed dunng com alescence in the sera of tv o cases in a 
maxmium nter of 32 from a pre-inoculaoon ater of <8 No change in 
oter M as detected m the other eight cases 

Repeated attempts m ere made to isolate the mdifferent streptococcus 
bv culture from the volunteers both before and after inoculation The 
organism x\as found m one-third of the men before inoculation and in 
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Figure 1 — A mild case of pnraarj atj’pical pneumonia Tins patient experienced a 
mild episode of gastro-ententis during the period of quarantine. Ilecoier) ^las 
prompt and complete. On tlie tenth daj after inoculabon lie developed mild atj'pical 
pneumonia, demonstrable b\ roentgenogram, in the left loner lung field Cold 
hemagglutinins and agglutinins for an indifferent streptococcus (#314) did 
not develop (Case No 46) 
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I I pi re 2 — (Ct;c Vo 2')) \ mild cisc of priimrY al\pical pneumonia Mild ntYTiical pneu- 

monia licpm ntiruptU m tins patient 12 da\s after inoculation liocntp-cnop'am on the lllli 
<la\ (Tuh lOlh) showed a soft infiltration in the left lower lohe. No abnormal plnslcal 
sipis in the hmp were dclcctcil at nn\ time Vcithcr cold hemagglutinins nor agglutinins for 
streptococcus — 3H Mere dctecteil in his com ah scent sera 
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Figure 2 — (Case No 42) A mild case of primary atj-pical pneumonia with pulmonary infiltra- 
tion Msualized roentgenograpliically only m the right and left oblique positions Ihis patient 
experienced a mild attack of atypical pneumonia begmnmg on the 8th day after inoculation 
Phjsical signs of pulmonary iniohement -were present m both bases Areas of infiltration at 
tlie extreme lung bases were iisuabzed roentgenographicaU} onlj in the right and left obhque 
positions and Here not iisible m the conientional posterior-anterior films Conialescent sera 
showed a maximum cold hemagglutinin titer of 64, agglutinins for the indifferent strepto- 
coccus Here not found 
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1 ipirc 4 — (Cn«c No 1) A iiK)(IrrntcI\ ccLcrc m5c of jininnn il\pinl ])nciirnrinn wifli in- 
\ohcinrnt of the entire nphl lunp nnd left lower lobe ^Io(lcrateh ^c\crc nt\picnl pneiimoni'i 
(leveh'jietl in thic piticnl S diL": after inoeuHtion Tlic infiltration ultinnlcU inLoheti tlie 
entire ririit limp nntl the left lower Iol>c. Cold licinapplutinins deiclojird to a titer of 12“^ 
No acYrlutinine for the inditTcrcnt ^treptococcti'; were demon^trihlc 
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Figure 6 — (Case No 5) A raoderateh se\ere case of primary ut\pical pneumonia Tins 
patient experienced moderatelv sesere atypical pneumonia Sjmptoms appeared 8 dais after 
inoculation and the temperature became eleiated 8 dais later Pneumonic infiltration appeared 
first in tlie left loner lobe and subsequentli iniolied the rlglit loner lobe Abnormal pitjsicnl 
signs nere present at both bases Neitlier cold hemagglubnins nor agglutinins for streptococ- 
cus #3+1 ■n'ere found m the comalescent sera m significant titers 
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Figure 6 — (Case Ko 45) A moderateh se%ere case of prunar\ at\ picul pneumonia After 
Z intennittcnt periods of respirator} s}Tiiptonis, this patient became ill uith moderatel\ 
seicrc nt\‘picnl pneumonia on the 12th dn\, post-inoculation Remittent fmer persisted for 
10 dn\s Patcln pneumonic infiltration of tlie entire right hmg and left louer lobe were 
demonstrable in roentgenograms Cold hemagglutinins were present in a maMmum btcr of 
256 on tlie 25t]i daL after inoculation, or 13 dass after onset of illness Streptococcus ag- 
glutinins increased to a titer of 16 at the same time and reached a titer of 32, 4 weeks later 
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Figure 7 — (Case No 24) A severe case of primary atypical pneunioma complicated by 
disorientation and emotional instability This patient’s illness was characterized by high tem- 
perature and patchy infiltration at both lung bases on July 16th, tlie I9th day after inocu- 
lation. He was considerably sicker than the extent of his lesions would suggest Following 
the peak of temperature of 104 6” F , disorientation and emotional instability were con- 
spicuous features of his illness Neurological exammation reiealed no abnormal findings, 
however, and the cerebrospmal fluid Mas normal Recovery was complete. Cold hemagglutinins 
were demonstrable in a titer of 1024 on the Hth day after onset of illness Agglutinms for 
streptococcus #344 were not found 
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Figure P — (Case Ko V7) V reluti\el\ mild case of primur\ aUiiitul pneuinonui complicated 
b\ iineloencephalitis Ihis patient suffered from a relatiieh mild atiTutal pneumonia iMth 
iniolicmcnt of the left lower lobe. On the 18th post-inoculahon dai, lioweier, svmptoms 
and signs of meningeal irritation appeared Neurological findings indicate e of diffuse m\elo- 
cnccphalitis de\ eloped during the succeeding dass Cerebrospinal fluid was clear and con- 
tained 17 small mononuclear cells per cubic millimeter Chemical deteiminations were withm 
noinial limits and the fluid was sterile Recosers was gradual but complete llie bter of cold 
liLmagghitinins rcatbed a inaximuin of 04, agglutinins for the indifferent streptococcus wrere 
not detected 
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Fjgiire 9 — (Case No 44) A relatively mild case of primary atj'pical pneumonia complicated 
by sterile pleural effusion In this Yolunteer, atypical pneumonia, tliough relatiYely mild in 
character, uas complicated bY the dcYelopment of pleural effusion at the left base The fluid 
Ysas sterile, greenish-j ellow in color, and contamcd 1370 leukocytes and 240 erythrocj’tes per 
cubic milbmeter Approximately 56 per cent of the leukocytes vrere large mononuclear cells, 
the remainder Y\ere lYinphocY-tes and neutrophiles Cold hemagglutinms Y\cre present in the 
patient’s serum in a maximum titer of 2048 Agglutinins for streptococcus #814 Yiere not 
present in significant titer 












Figure 10 — (Case Xo 4-) A se^ere case of pninar\ at^•plcal pneumonia vitli in\ohcmcnt 
of all lobes of the lung lliis case represents the most se\cre at\'pical pneumonia m the 
group Pulmonnr\ infiltration appeared first in the right upper and middle lobes and sub- 
sequenth e\tcnded to involve all five lobes B\ roentgenogram a fine diffuse mottling avas 
present tliroughout the lung fields Ova gen therapy avas required for approvimatela a aveek 
bmiisitis occurred as a complication Rccoaera aaas gradual but ultimatela complete Cold 
heiuagglutmms and streptococcus agglutinins reached titers of 1024 and 32, rcspectia civ, in 
the cona aleseent sera 
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one-half of them after inoculaaon, but the mcrease occurred MUth equal 
frequency m those who developed atypical pneumonia and in those 
who did not There was, therefore, no apparent relation between the 
presence of this organism, either before or after inoculation, and the 
development of atypical pneumoma 
In addition to the ten cases of primary atypical pneumoma, there 
were fifteen cases of minor respuatory illness of undifferentiated type 
The climcal onset of these cases, as well as that of the cases of atypical 
pneumonia, m relation to moculanon is shown in figure 1 1 " For the 
purpose of this chart, the climcal onset of atypical pneumoma was de- 
fined as the day of development of -persistent symptoms or signs which 
resulted in atypical pneumoma The climcal onset of mmor respiratory 
illness was defined as the day of development of any recognizable symp- 
tom or sign which was a defimte departure from the normal state for 
that mdividual but did not lead to atypical pneumoma This distmcoon 
was necessary because many of the nunor respiratory illnesses were of 
short duraaon 

The climcal onset of atypical pneumoma, as thus defined, varied 
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PHODl’CTIOX OF PRIMARY ATi'PlCAL PNELMOXI V AND MINOR 
RFSPIRVTORY IIENESS IN HUMAN VOLUNTEERS INOCULATED 
Vnil UNIREAIED, FII lERED, AND VU10CLA\ED SPUTA AND 
IHROAT WASHINGS FROM HOSPIl VLIZED C VSES 
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from 8 to 14 days after inoculation, whereas the onset of minor respira- 
tory illness vaned from one to eleven days If the catena used for minor 
respiratory illness were applied to the cases of atypical pneumonia, how- 
ever, the onset of illness \vas between one and twelve days after mocu- 
lation Whether or not these results indicate the presence of mulaple 
agents capable of causmg respiratory illness or merely mild illnesses or 
prodromata due to a single agent, cannot be determined at present In 
none of the cases was there any change m bactenal flora, after inocu- 
lation or dunng illness, to suggest causation or even secondary bacterial 
mfecnon No serological evidence was obtained indicaong infecnon 
Muth a virus of the psittacosis-lymphogranuloma group 

The results of this expenment clearly indicated that primary at)’pi- 
cal pneumoma, and m addiuon, minor undifferenoated respiratoty ill- 
ness could be transmitted Avith secreoons of the respiratoty’^ tract of 
paticncs Math at)’pical pneumoma Further analysis of the results, how- 
ever, revealed that atj'pical pneumoma m as apparently produced Math- 
out regard to the t)^e of inoculum (Table I), that is, three cases oc- 
curred Math untreated moculum, four m ith filtered inoculum, and three 
Math the autoclat ed matenal The production of rmnor respiratoty illness 
indicated greater specificirv’- m that mne cases occurred Math untreated 















inoculmn, five with filtered matenal, and only one with autoclaved 
inoculum. The interval between inoculation and onset of illness was in 
general shortest in the group receiving untreated sputa and throat wash- 
ings 

A detailed review of all the conditions and procedures of the ex- 
periment was then undertaken m the hope of finding an explanation for 
the results Numerous possibihues were considered but the three most 
likely explanations appeared to be (a) air-bome infection m the hall- 
way on the day of moculation, (b) contarmnation of the inner surface 
of the air pump for the power spray, and (c) the non-specific evoca- 
tion of a latent agent In support of air-bome infection was the occur- 
rence of atypical pneumoma m an attendant who assisted m moculat- 
mg twelve volunteers with the untreated inoculum Contammation of 
the air pump of the power spray could have been at least a contributing 
factor Dunng its first use with filtered moculum, the air taken mto the 
pump undoubtedly contained air-bome particles which were deposited 
on the inner surface of the pump These particles could again have been 
hberated when the power spray was used with the autoclaved matenal 
It is perhaps significant m this respect that, of the twelve men receiving 
autoclaved material, the three who developed atypical pneumonia were 
the first, second, and fourth m order of moculation with the power 
spray The possibihty of non-specific evocation of a latent agent could 
only be deterrmned by repetiaon of the experiment usmg extreme pre- 
cautions agamst air-borae or other types of madvertent “cross-infec- 
tion ” 

The third experiment was then begun m August, 1944 as a repea- 
tion of the second, but with the following differences 

a The moculum consisted of pooled sputa and throat washings from 
6 cases of atypical pneumonia m the second experiment, thus pro- 
vidmg an opportumty for passage of the agent 
b The inoculations were performed out-of-doors 
c A tanlt of mtrogen was used as a source of pressure m place of 
the motor-dnven power spray 

d An mten’^al of four days was allowed to elapse bet^veen inocula- 
non of the autoclaved matenal and the filtered matenal A second 
internal of 8 days elapsed before administration of the untreated 
moculum 

e Eighteen men were mcluded in the group which received auto- 
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Tai)i.i. II 

PllODbClIOX OF PRIMAin AIM’ICVL PNELMOMA AND MINOR 
RESPIRATOR'i ILLNESS IN HUMAN VOLLNTEERS INOCUL VTED 
WITH UM HEATED, FILIERED, AND AUTOCLA^ ED SPUTA AND 
THROAT MASHINGS FRO.M EXPERIMLN TALLY PRODUCED CASES 
OF ATIPICAL PNEUMONIV 
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AP — Prinmr\ nUiiIcnl pneumonia 

MRI — Minor respirator} illness of uncllffercntiated t\'pe. 


claved niatenal to increase the possibility of demonstrating the 
cvocaaon of a latent agent, if such tvere tlie cause 
f Tlie groups of men Averc segregated geographically Muthm the 
building by construction of temporary partitions in the halhvays 
In other respects, the essential condinons of the experiment were the 
same 

Slx cases of atypical pneumoma and eleven cases of minor respiratory 
infection occurred in tins experiment Three of the cases of minor rcs- 
piratoty infection xvere diagnosed as “suspected atypical pneumonia” 
or “bronchitis resembling atypical pneumonia,” because of the charac- 
tenstic clinical course and physical signs, y ithout roentgcnographic evi- 
dence of pulmonaty infiltration In general, the illnesses were somev hat 
less se\ ere than those m the precedmg expenment, but in odicr respects 
tlicy M ere entirely characteristic 

Distnbuuon of the cases m itli respect to t) pc of inoculum is show n 
in Table II The untreated material produced tlurec cases of at) pical 
pneumoma and fi\ e cases of minor respiratoty illness of w^hich tw o w ere 
instances of “suspected at)-pical pneumonia ” In the group of men rc- 
cenung filtered matcnal, there were likewise tlircc cases of atypical 
pneumonia and fi\ c cases of minor respiratoty illness, but only one of 
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the latter could be diagnosed as “suspected atypical pneumonia ” There 
were no cases of atypical pneumonia among the eighteen men mocu- 
lated tvith autoclaved matenal, and only one mstance of minor illness 
This case occurred in the only man, to our knowledge, who broke iso- 
lation On at least one occasion, he descended the fire escape to the 
room below which was occupied by a volunteer n^ho subsequently de- 
veloped a minor respiratory illness diagnosed as “suspected atypical 
pneumoma ” 

A stnkmg difference was noted m the mcubation period of the ill- 
nesses The chmcal onset of illnesses m the men receivmg untreated ma- 
tenal, with one exception (14 days), occurred between five and eight 
days after moculanon, whereas it was between mne and fifteen days, 
or almost tunce as long, with the filtered moculum 

The results of this experiment thus demonstrate that primary atypi- 
cal pneumoma may be produced m human bemgs with filtered as well 
as untreated secretions of the respiratory tract of paaents ill with this 
disease 


Discussion and Summary 

An attempt has been made to review the present status of the eti- 
ology of primary atypical pneumoma While a small proportion of cases 
presenting this chmcal syndrome are due to known bacteria, fungi, or 
viruses, the cause of the majonty of them remams to be characterized 
and identified 

The results of animal experimentation are confusmg and diflScult to 
interpret, due in large part to the lack of a truly susceptible animal, as 
well as to the complications mtroduced by the occurrence of spontane- 
ous diseases causmg pulmonary lesions m the animals employed No 
work has yet been reported, and confirmed by other mvesugators in the 
field, which descnbes the isolation in ammals of an agent clearly re- 
lated immunologically to the human disease 

The experiments m human volunteers, summarized here, demon- 
strate that respiratory disease has been mduced by the admimstranon 
of sputa and throat washings of patients with primary atypical pneu- 
moma The chmcal types of disease varied from the rmldest of undif- 
ferenoated respirator}^ lUness to classical severe atypical pneumoma 
Between these extremes were cases resembling at}qpical pneumoma in 
onset, course, and physical findings, but lacking roentgenographic con- 
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fimianon of pulmonan’’ infiltration Such cases \\erc entirclv similar to 
those obsen'ed on the respirator)' wards of Army hospitals and diag- 
nosed as “bronchitis resembling atypical pneumonia” or “suspected 
at> pical pneumonia ” The varied types of respirators' disease produced 
in these aolunteers thus are consistent with the hypothesis preaiously 
advanced on the basis of clinical and epidemiological obsers ations, ' ’ 
namels', that primary* atypical pneumonia may be a severe form with 
pulmonaty imoKement of the same infection responsible for a large 
part of the more common, mild respiratory illnesses 

From these experiments some information may be gained regarding 
human susceptibility' to respiratory diseases Excluding the controls in- 
oculated avitla autoclaa ed material, three-fourths of the men de\ eloped 
some type of respiratoty illness and one-fourth had atypical pneumonia 
In spite of the relatiaely large dose of lo ml , one-fourth of the men 
had no illness x\ hatsoever Direct comparison of these figures, however, 
w ith attack rates obsen'ed in civilian and militaty populations is prob- 
ably not justified because of lack of knowledge regarding minimal 
infecting dosage 

The question of the transmission of primaty atypical pneumonia 
wath bactena-free filtrates of sputa and throat w'ashings from patients 
wath this disease was not easily answered The results of the second 
experiment, in w Inch aty'pical pneumonia w'as apparently produced w ith 
autocla\ ed inocula, permitted no conclusion regarding infectivity of 
the filtrates They furthermore raised the question of non-specific evo- 
cation of a latent agent as the cause of the disease, as well as the pos- 
sibility of inad\ ertent infecnon 

Accordingly, the third expenment w'as earned out utilizing extreme 
precautions against in td\ ertent infection and increasing to i8 the num- 
ber of men in the control group, to strengthen the likelihood of de- 
tecting non-specific c\ocaaon Sputa and throat washings from the 
prc\ ions experimental cases w ere employed as inocula to establish serial 
passage Tlie results demonstrated that pnmary' atypical pneumonia 
could be induced wath bactcria-free filtrates of sputa and throat wash- 
ings IS w ell as w ith the same inoculum before filtration Autoclaa ed 
nntenal however w is without effect It therefore appeared probable 
that the igent w as filterable that a latent agent w as not e\ oked non- 
spccificallv and that the cases follow mg inoculanon of autoclav ed ma- 
renil in the pnor expenment resulted from inadvertent infection More- 
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over, from experimentally produced cases of atypical pneumonia, this 
illness as well as undijferentiated respiratory disease could agam be trans- 
mitted to well mdividuals 

The length of time between moculation and onset of illness may be 
of some significance, smce this mterval was almost twice as long m the 
cases receiving filtered moculum as m those moculated with untreated 
material It is possible that such an mcrease m the incubation period is 
a function of dosage, and that filtration caused a considerable loss of the 
mfectmg agent Another explanation is that bactena act in conjunction 
with a filterable agent m the production of this disease The failure to 
detect changes m bacterial flora followmg moculauon and during illness 
does not support, nor does it completely exclude, this concept 

The study in human volunteers thus leads to the conclusion that 
primary atypical pneumoma is at least imtiated, if not caused, by a 
filter-passmg agent, presumably a virus * 
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CHEMOTHERAPY IN ACUTE UPPER 
RESPIRATORY INFECTIONS* 

Russell L Cecil 

Professor of Clinical Medicine Cornell University Medical College, New York Cit> 



^HE topic assigned to me for this evening’s discussion is a 
difficult one, chiefly because sufficient time has not yet 
elapsed for a thorough mvestigation of the possibihties 
of chemotherapy m upper respiratory infections I take 
“chemotherapy” to mean the use of sulfonamides and 
pemcilhn It is true that the sulfonamides have been widely used in the 
treatment of acute upper respiratory infections, but there is stdl con- 
siderable controversy among practitioners both as to methods and mdi- 
cations for the use of these agents Pemcilhn has so recently been re- 
leased for general civdian use that comparatively httle is knovm about 
Its value in coryza, influenza and their comphcations We do know 
that pemciUm possesses certain advantages that render it superior to 
the sulfonamides Against susceptible organisms its antibactenal action 
IS many times more potent than that of the sulfonamides At the same 
time, even when it is administered m full therapeutic doses pemcilhn is 
entirely free of significant toxicity for the host Unhke the sulfonamides. 
It IS not inhibited by pus or the breakdown products of tissue autolysis 
We know of course that most pnmary upper respiratory infections are 
of virus ongm It is also a fact that the great majority of viruses, mclud- 
mg those causmg coryza and influenza, are not subject to control by 
sulfonamides nor by pemcilhn 

It has generally been assumed that the comphcations of coryza and 
influenza are caused by secondary bactenal invasion, and it is true that 
cultures from such secondary infections as sinusitis, oatis, mastoiditis 
and bronchitis regularly yield one or more of the prevalent pathogens 
of the pneumococcal, streptococcal or staphylococcal groups How- 
ever, we need more thorough mvestigation of the bactenology of these 
secondary infections It has always seemed to me quite hkely that the 
corjn^a or mfluenza virus not only attacks the nasopharyngeal mucosa. 


• Address delivered at The New York Academy of Medicine in the Eighteenth Graduate Fortnight 
October 13 1944 
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but frequently invades the adjacent tubes and cavmes as well, thus 
preparing the way for secondary infection by a sort of symbiotic pro- 
cess If this hypothesis is correct, it would explam some of the disap- 
pointments mcurred with attempts to prevent or cure these complica- 
tions by chemotherapy alone 

Let us now consider some of these infections in more detail 

Acute Coryza 

The uncomphcated common cold is a mild infection caused by a 
filtrable virus which usually runs an afebnle course and clears up com- 
pletely m four to seven days Although it is generally recognized that 
virus infections are unaffected by sulfonamides, many practitioners and 
otolaryngologists have administered one of the sulfonamides to patients 
with the common cold with the idea of preventing complications The 
practitioners have usually given the drug by mouth, the otolaryngolo- 
gists have used a spray or powder locally m the nose or throat Such 
procedure seemed qmte rauonal and m mdividual cases the results often 
appeared to be beneficial For example, Crowe and his associates^ at 
Johns Hoplons Hospital treated a group of nurses with colds by spray- 
mg the throat and nasal passages with a 2 5 per cent sulfadiazine m 8 
per cent ethanolamme solution (PickreU’s soluuon) In addition to 
symptomatic relief they observed a reduction m comphcations and a 
decrease m secondary bactenal mvaders m the nasopharynx, pamcu- 
larly hemolytic streptococci The nose and throat were sprayed from 
eight to twelve times a day for three days, and five to eight times a day 
for an additional three days Some smus mvolvement was noted m 30 
per cent of the control group, whereas m mdividuals who were 
sprayed with sulfadiazine, sinusius developed in only 9 7 per cent 
Cough developed m 44 per cent of the controls, m only 8 per cent 
of the treated group Some of the patients objected to the taste of the 
spray Others complamed of irritation of the skm around the external 
nares Mild allergic symptoms developed m a small percentage of 
patients 

Rusk and van Ravermvaay^ have recently published their results on 
the oral use of sulfadiazme in the treatment of acute febrile respiratory 
infecuons which were seen in a large Army stauon hospital dunng the 
winter of 1942-1943 Doses of drug (3 o Gm mmally followed by i o 
Gm ever)’- four hours) similar to those used in pneumonia were admin- 
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istered until improvement occurred In the 317 treated patients com- 
pared with 314 comparable controls the authors observed no significant 
difference m either the length of the febrile period or m the period of 
hospitalization Contrariwise, Siegel® observed decided differences with 
and without sulfadiazme m alternate groups of feeblemmded children 
with acute febrile respiratory infections, to which such mdividuals are 
particularly susceptible In this reported senes the mcidence of senous 
secondary infections and the duration of the febnle penod were con- 
siderably lessened 

In the wmter and spnng of 1942 the wnter, m collaboration with 
Major Norman Plummer and Wilson G Smilhe^ earned out some ex- 
periments on the use of sulfadiazme m the treatment of the common 
cold at the New York Hospital The subjects of this study were all 
members of the personnel of the New York Hospital staff, mcludmg 
nurses, mtems, orderhes and technicians These patients were followed 
carefully with chmeal examinations and nasal and pharyngeal cultures 
Of these volunteers with acute respuratory mfecnon, 48 received sulfa- 
diazme by mouth for four days, while 24 received placebo tablets which 
could not be distmguished from the sulfadiazme tablets Treatment was 
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usually imoated during the second or third day of the cold Sulfadia- 
zine was taken in oral doses of one Gm every eight hours for four days, 
or a total of 12 Gms Nasopharyngeal cultures were taken at the time 
treatment was started and at regular intervals, usually every second 
to third day thereafter, in order to determine the changes that occurred 
m the nasopharyngeal flora following the treatment Preliminary cul- 
tures on normal subjects mdicated that on the dosage of sulfadiazme 
administered the blood level could reach 4-6 Mgm per 100 cc and 
that at this level there was pronounced reduction in the nasopharyngeal 
flora Further cultures mdicated a rapid return of the bacterial flora 
to Its former prevalence and distnbution nothin nvo to three days after 
sulfadiazine was discontinued 

Fig I illustrates on four blood agar plates marked reduction in the 
normal nasophanmgeal flora following oral administration of sulfadia- 
zine, 3 Gms daily for four days 
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Fig 1- — (j\I H ) Control patient 
treated with milk sugar tablets No 
clinnge in plmr^’ngcnl flora, s\mptoms 
foIIox\cfl usual course 
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Fig 5 — (G F ) This patient shows 
a favorable clinical and bactenologic 
response to sulfadiazine treatment 


Fig 2 shows the total colony count and correlates it ^vlth the blood 
level of sulfadiazine Xhis chart also illustrates the rapid return of the 
organisms to their normal pattern after discontinuance of druer treat- 
ment 

Fig 3 IS a key to the symbols used for designating the patient’s 
sjmptoms and the character of the nasopharyngeal flora 

Fig 4 represents the course of symptoms and the nasopharyngeal 
flora m a patient Murh coryza who received no sulfadiazine, but had 
milk sugar tablets instead On the day of onset the usual symptoms of 
malaise, sore throat, rhinorrhea, hoarseness and cough were present 
These sjTnptoms persisted and increased somewhat m seventy The 
phanmgeal flora remained unchanged durmg the ten days of observa- 
non 

In contrast to this case is the one represented by Figure 5, a patient 
^\^th corj^a who received sulfadiazme treatment The symptoms 
cleared up on the 7th or 8th day, and there was a marked numerical 
drop in the nasopharyngeal flora 

Figure 6 shows a patient with coryza treated ^vlth sulfadiazine on 
the first day of the infection There was a marked numencal drop in 
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Fig 6 — (BP) This patient shows 
excellent clinical and bactenologic 
response to sulfadiazine but rapid re- 
appearance of bacteria after discon- 
tinuance of tlie drug 
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Fig 7 — ^Acute coryza and sinusitis 
Patient shoned good bactenologic re- 
sponse to sulfadiazine with only slight 
clinical improvement WitJi chscontm- 
uance of drug, patliogens again be- 
came numerous in the nasopharjmgcal 
cultures, and patient developed a 
severe sinusibs and bronchitis 


the nasopharyngeal flora, but the symptoms persisted for three days 
and then subsided slowly, disappeanng almost completely on the 7 th 
day When treatment was disconrmued, the number of orgamsms in- 
creased, although there M^as no return of symptoms 

Figure 7 (S M ) is the graph of a case of acute coryza ivhich 
started with an irritated throat followed by malaise, rhinorrhea and 
sinus congestion Treatment was started on the second day, when the 
rhmorrhea was severe and there was also an irntative cough The naso- 
pharyngeal culture on this day showed a heav}'' growth with a few 
colomes each of beta hemolytic streptococcus, H influenzae and hemo- 
lytic Staphylococcus aureus With the four days of treatment the course 
was somewhat favorable, the nasopharyngeal culture showing only a 
few organisms, the hemolytic streptococcus and H influenzae disap- 
peanng entirely, and the symptoms being shghtly less in evidence 
With cessation of sulfadiazme treatment, however, the hemolytic strep- 
tococcus returned and type 20 pneumococcus appeared in increasing 
numbers At the same time the symptoms became aggravated and the 
patient developed a severe smusios and bronchitis The suggestion in 
this case is that if chemotherapy had been continued for a longer penod 
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the secondar}'- infection might have been prevented 

The illustrations cited above afford considerable evidence that sul- 
fonamides do not alter the course of the uncomplicated cold Further- 
more, no outstanding benefits from sulfadiazine therapy were observed 
m colds complicated by smusitis and bronchitis It is qmte clear, how- 
ever, that secondary bactenal mvaders can be eliminated or greatly 
reduced in number by sulfonamide therapy Such being the case, it is 
rather surpnsmg that sinus and bronchial complications would some- 
times develop m the face of oral adrmnistration of sulfadiazme Perhaps 
we made a mistake m not continuing the drug for longer than four 
days The dosage used would certainly seem adequate, judging by the 
blood level 

Summarizing our climcal results, it must be admitted that they 
ivere not convmcmg Tlie average duration of the sulfadiazme-treated 
colds was 8 i days, and that of the untreated colds 9 7 days Of the 48 
colds treated, 32 showed no recognizable secondary infection, 16 de- 
veloped sinusitis, bronchitis or both, either durmg or after sulfadiazme 
treatment Patients who developed compheanons, however, felt that 
they u^ere milder m character than they would have been without the 
drug The patients who received sulfadiazme were asked for their own 
opinions on the results obtamed, and 34 expressed satisfacuon with 
sulfadiazme treatment, 9 stated they noticed no difference from previous 
colds The remainder had no opmion to offer 

Acute Pharyngitis and Tonsillitis 

As far back as 1937 Long and Bliss'’ reported favorably on the 
oral use of sulfanilamide m the treatment of pharyngitis and tonsilhtis 
On the other hand, Rhoads and Afremow® in a controlled senes of 
cases of phar)>^ngitis and tonsilhtis found that sulfanilamide did not 
lessen the seventy of symptoms, reduce the incidence of comphcations 
or shorten the duration of the carrier state Keman" found that sulfa- 
nilamide orally did not alter the ordmaty course of tonsilhtis, but that 
comphcations were fewer when it was used It seems quite hkely that 
penicilhn vwll replace sulfonamides m the treatment of streptococcal 
phar\mgitis and tonsilhtis For hemolytic streptococcus sore throats I 
see no pamcular point m giving either sulfonamides or pemcilhn unless 
the infection is severe In the severe streptococcal throats, either sulfa- 
diazine or pemcilhn should shorten and minsate the attack 
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Major Norman Plummer wntes “We have had considerable ex- 
penence with pemcilhn m the treatment of acute hemolytic strepto- 
coccal tonsilhos and phaiyngids Undoubtedly pemcilhn is the superior 
drug agamst the hemolytic streptococcus and in conditions where there 
IS an accumulation of pus” 

Acute Sinusitis 

Otolaryngologists are pretty well agreed on the value of the sul- 
fonamides m acute smusios, especially m the fulmmatmg smus infections 
which are often caused by the hemolytic streptococcus Bowers® pre- 
fers sulfadiazme or sulfathiazole powder apphed directly to the mucous 
membranes Silcox and Schenk® have used a 5 per cent suspension of 
microcrystallme sulfathiazole for the treatment of acute and chrome 
smusios, the suspension bemg instilled directly mto the smuses In ad- 
dioon to the differences of opimon over the relaove value and safety 
of the different sulfonamides m their crystalhne and hquid forms, the 
value and safety of oral versus local administraoon also remains con- 
troversial Agam, as m the case of tonsilhos and pharyngitis, it seems 
qmte possible that pemcilhn aviU displace sulfonamides m the treatment 
of acute smusios 


Chronic Sinusitis 

In the treatment of chrome smusios there is considerable divergence 
of opmion on the value of sulfonamide drugs Turnbull^® reported 
that a large proporoon of paoents with chrome smusios were benefitted 
by spraying the nasal cavioes with a 5 per cent soluoon of sodium 
sulfathiazole No untoward effects were observed m TumbuU’s series 
of 47 cases This enthusiasm for the local use of the sulfonamides in 
chrome smus mfecoon has not been borne out by later reports, and 
there have been studies mdicatmg that a 5 per cent sodium sulfathiazole 
soluoon IS deletenous to the mucous membranes At this pomt I would 
like to cite the case of the foUowmg paoent who came under my care 
last summer, and which would seem to mdicate that there is a place 
for pemcilhn m the treatment of some cases of chrome smusios The 
local treatments m this paoent ivere earned out by Dr Stuart Craig 

The paoent, Mrs C , aged 60, had had chrome purulent pansmusi- 
os for many years, accompamed by severe headaches which could be 
partially reheved by nngaoons The washmgs mvanably yielded a 
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considerable amount of thick yellow pus which showed a pure growth 
of hemolytic Staphylococcus aureus For the past year or two the 
patient had had considerable pam in the jomts and muscles which 
possibly resulted from the chrome smus infection 

On July 19th the patient was started on mtramuscular mjections 
of pemcilhn, 10,000 umts every three hours, except for a midmght 
injecaon which was 15,000 umts The 3 00 A Af mjecaon was omitted 
A total of 75,000 umts of pemcilhn was administered each 24 hours, 
and this was contmued for 14 days to a total of 1,000,000 umts by the 
mtramuscular route Simultaneously the patient’s smuses received daily 
ungation with pemcilhn in normal sahne, 250 umts of pemcdlm to 
each cc of sahne In addition to the daily washmg, the nose and throat 
were sprayed every two hours with a pemcilhn solution of sunilai 
strength It was found that stronger solutions of 500 umts to the cc 
caused some irritation to the nasal passages, so they were discontmued 
After 14 days of this treatment the nasal mucosa was much less 
congested, the amount of secretion gradually diminished, and the char- 
acter of the discharge had changed from a purulent to a mucoid 
character Suction of the nasal passages brought down only a small 
amount of the matenal compared nuth the former large quantity At 
the conclusion of two n^eeks, mtramuscular mjecnons were discon- 
tmued, but the nasal spray was kept up, the smuses bemg washed out 
two to three tunes a week 

Three weeks later the headaches had practically disappeared and 
the mucous membrane presented a healthy pmk appearance A mod- 
erate amount of mucus was still discharged, however, from the smuses 
On September 15th, two months after the institution of pemcilhn 
treatment, the mucous membrane still mamtamed its healthy appear- 
ance The nasal mucosa was much less congested than on last note 
There was a small retention still m the upper ethmoid of mucopurulent 
discharge No headaches or pam m the smuses or cramum 

Oxrris Media and AlAsroroixis 

Otolaryngologists are m greater accord on the value of the sulfona- 
mides m acute otiGs media Bowers® states that the necessity for 
mastoidectomy is reduced 50 per cent by the prompt use of the sul- 
fonamides for oaas media, and this view is shared by many other 
lar}mgologists and mtemists as well 
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Acute and subacute bronchitis are common comphcations of cor)’T.a 
and influenza, and it is the opimon of the wnter, based on considerable 
experience, that the seventy and duration of acute bronchins can often 
be mitigated by the use of sulfonamide dierapy Naturally this depends 
a great deal on the bacterial agent responsible for the bronchitis 

So far I have said very httle about the use of penicillm for the 
very good reason that in acute upper respnatory infections my e\- 
penence with the drug has been very limited That of course has been 
the case vvitli most civihan physicians However, in some of the larger 
clinics penicillin has already been used experimentally m the treatment 
of these infections 

Because of the difference of opinion which exists as to the value 
of sulfonamides m acute upper respiratory infecaons and because of 
my limited expenence with pemcillm, I recently sent out a short ques- 
tionnaire to twelve of my colleagues who have been particularly in- 
terested in the use of sulfonamides and pemcilhn m acute upper res- 
piratory infections Six were internists and six were otolar}^ngologjsts 
All of these men were physicians who have had unusual opportunity 
to study these drugs in large metropolitan dimes The responses were 
interesting and rather surprismgly consistent 

The first question was “Do you advocate the use of sulfonamides 
in the treatment of uncompheated coryza and influenza^” Eight of the 
12 physicians gave an unqualified “No” to this quesDon Four oto- 
laryngologists advocated the use of sulfonamides both locally and orally 
m severe mfecnons with the aim of preventmg comphcations For local 
use, four of the otolaryngologists recommended Pickrell’s solution, 2 5 
per cent solution of sulfadiazme m 8 per cent tnethanolamine solution 
2 Do you favor the use of sulfonamides m the treatment of acute 
smusiQs^ 

The response of all nvelve to this question was ‘Tes”, and ii 
agreed that the drug u^as beneficial in shortening the course of the 
infection One otolaryngologist expressed some doubt 

V B Hirst Mantes “I have used the sulfonamide drugs locally in 
the treatment of smuses with excellent results The treatment has been 
with irriganon In the past tivo or three years we have shortened the 
course of these cases very much, even the very foul t^qies, and I am 
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sure have prevented a lot of surgery ” 

John Keman wntes "At times the sulfonamides seem to ■work 
magic, especially on acute smuses However, much more careful check- 
mg should be done with cultures m order to select the proper drug 
to combat the particular organism mvolved m the case ” 

3 Do you favor the use of sulfonamides m chronic sinus infec- 
tions, especially those of Staphylococcus aureus ongin' 

There was very little enthusiasm expressed by either the intermsts 
or the otolaryngologists for sulfa therapy m this condition Practically 
all agreed that the results were very disappomtmg, and this was true 
whether the drug was used orally, as it was by the internists, or locally 
by the otolaryngologists 

4 Has oral administration of sulfonamides any advantage over the 
local use of the drug^ 

Four internists and four otolarjmgologists preferred oral adnun- 
istraoon, four otolaryngologists employed both methods 

Walsh McDermott believes that oral administration has defimte 
advantages As he expresses it “Sulfonamide is not an antisepuc solu- 
tion, so must be taken up by the bacteria deep m the lesion It seems 
to me the only way this could occur consistently would be if the blood 
supply of the infected lesion earned suflGcient quantity of the drug 
In addition, there is a strong suspicion, but no uneqmvocal proof, that 
local use of sulfonamides leads to increase of sensitization to the drug ” 

5 Do you adnse sulfonamides as routine in the treatment of acute 
otitis media^ 

All ans^ve^ed “Yes”, except one otolar^’^ngologist who voted “No” 
because m his opinion they masked the onset of mastoiditis The 1 1 
who voted “Yes” were all convmced that the oral, or both oral and 
local use of stdfadiazme markedly reduced the mcidence of mastoiditis 
and other ear comphcations 

Franlc Horsfall xrates “Acute oatis media seems to me to be defi- 
nitely improved, sometimes markedly so, by the use of sulfonamides 
in full therapeuac doses ” 

6 M'lll pemcilhn treatment shorten a cold^ 

Tlirce answered “No” Four were m doubt Five had had no ex- 
penence with pemcilhn m the treatment of common colds 

7 Is pemcilhn of \ alue in the treatment of acute sinusitis and acute 
ontis medn' 
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Six physicians (four internists and two otolaryngologists) rephed 
“Yes”, one said “No” 

Francis Blake writes “Penicillin will cure many cases of onus that 
have failed to respond satisfactorily to sulfonamides V^^e have treated 
about 40 cases, the majority bemg due to Streptococcus hemolyacus, 
many with mastoiditis, some with beginnmg menmgitis The response 
has been almost perfect m hemolytic streptococcus infecuons, and 
very good m staphylococcus and pneumococcus infections Penicillin 
was of no value in Hemophylus influenzae mfecuons ” 

8 What success have you had with penicilhn in the treatment of 
chrome smusitis? 

Two intermsts and one otolaryngologist rephed “Good” Two oto- 
laryngologists answered “Poor” One gave a qualified answer 

9 Have you used pemciUm locally or parenterally for these m- 
fections^ 

Five mtermsts had used the drug only by the parenteral route One 
both parenterally and locally The otolaryngologists have usually em- 
ployed pemcillm by both methods, though one had used it only locally 
The dilution of pemcillm for local use varied considerably, all the 
way from 100 umts to 2000 umts per cc of sahne solution The ten- 
dency, however, was toward the weaker dilutions 

Stuart Craig writes “The local use of sulfonamides, except m se- 
lected cases, IS not outstandingly effective The admmistration of even 
heavy doses for chrome cases with degenerative changes and tbekened 
membranes has not proved effective m our hands From the himted 
opportumt)'' we have had to use pemciUm locally in the smuses, I 
would beheve that it offers great promise when it can be used for the 
treatment of both acute and chrome smusios with no restnenons as 
to the amount available ” 

10 Have you seen allergic reactions, such as fever and drug rashes 

from the local use of sulfonamides? 

Four mtermsts answered “No” One had seen a few allergic reac- 
tions It was mterestmg that 4 out of the 6 otolaryngologists rephed 
“Yes” to this quesoon, suggestmg that reactions were more likely to 
occur from local than from oral use of die drugs 

A^^esley Bowers unites “It seems that we shall always have to 
bear in mmd that using sulfa drugs for trifling conditions may render 
the patient sensmve to them, so that %vhen they are badly needed for 
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mcningios or pneumonia, the paaent would be forced to go wth- 
out them ” 

\^^alsh McDermott wntes “I have seen allergic reactions m patients 
receiving sulfonamides by mouth who gave a history of previous use 
of the drug locally ” 

12 Have you seen allergic reactions following the use of penicilhn’ 

Tliree mtemists replied “Yes”, three “No” The otolarjmgologists 
all replied “No” 

McDermott says “Febrile spikes as high as 40° C have occurred 
follouang intramuscular mjecoons of pemcilhn in previously afebnle 
patients I have also seen two patients with defimte serum sicknesshke 
syndrome foIloMong pemcilhn therapy, characterized by uracana, peri- 
orbital edema, myositis, arthralgia and fever” 

Summarizing the questionnaire, we can make the followmg fairly 
consistent generalizations 

1 There is htde or no enthusiasm for the use of sulfonamide drugs 
for the treatment of the common cold and influenza A few otolaryn- 
gologists recommend the drug to prevent comphcations, but they are 
in the minonty 

2 Both mtemists and otolaryngologists are enthusiastic over the use 
of sulfonamide therapy m acute smusios They are much less enthusi- 
astic concermng such treatment m chrome smusids 

3 Pracucally all are agreed that sulfonanudes are valuable in the 
treatment of acute otitis media as a means of preventmg mastoiditis 

4 Tliere is no enthusiasm for the use of pemcilhn for the treatment 
of the common cold, but there is almost complete uniformity of opin- 
ion that pemciUm is of value m the treatment of acute sinusitis and 
acute oQtis media. 

5 Tliere is only moderate enthusiasm for pemcdlm therapy in 
chrome smusios 

6 All are agreed that successful therapy \nth either sulfonaimdes 
or pemciUm is in large measure dependent upon the type of bactena 
responsible for the infecoon 

7 Allergic mamfestaoons are occasionally seen with both sulfona- 
mides and pemcillm, usually in the form of an urocanal rash 

S Oral admimstraoon of sulfonamides and parenteral mjecoon of 
pemcilhn arc fa\ ored over local apphcaoon of these agents Combmed 
si-stemic and local treatment is also popular with both groups 
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Comment 

One fact seems to stand out clearly as a result of this discussion 
There is no indicaaon for the admimstration of either sulfonamides or 
pemcillin m the treatment of ordmai^'' coryza or gnppe As McDermott 
says “With the ordinary cold I see no pomt in takmg the risk of 
sulfonamides or the dtscovijort of pemcillm " 

In certain selected cases where the patient knows from past experi- 
ence that his cold wiU probably be followed by some complication, 
one might be justified in usmg either snlfadiazme or pemcillm, but 
even in these cases there is often some doubt as to the desirability of 
the procedure 

There is somethmg qmte Utopian about the eagerness with which 
both the medical profession and the laity search for a cold cure, yet 
when all is said and done, m the vast majority of cases, the common 
cold IS a tnvial infecuon It makes us uncomfortable for a few days, 
but usually (with the help of aspirm, atomizers and Scotch whiskey') 
we keep at our routme duties There is a group of patients, of course, 
for whom the common cold is a much more serious problem They 
know from past experience that comphcations m the smuses or trachea 
are gomg to follow In a good many children the middle ear has a 
rather temfymg way of hghtmg up with every coryza It is in this 
group of patients that chemotherapy has its important field The writer s 
own experience and that of the physicians whom he has consulted in 
this questionnaire mdicate that sulfonamides and pemcillm both have 
a place m the treatment of these comphcations As we obtam more 
experience pemcillm may prove to be the preferable agent In fact it 
may entirely replace the sulfonamides 

I don’t beheve that chemotherapy would be generally successful m 
any sinus mfecaon that was not at the same time receiving adequate 
surgical dramage With dramage, chemotherapy, either sulfadiazine or 
pemciUin, should be effective m properly selected cases A good deal 
more mvesagation mtII have to be done before dogmatic answers can 
be amved at In the meanv^hile it ivould seem the wser course for the 
practitioner to hmit his use of these agents to the treatment of sinusitis, 
onus, bronchitis and the other less prevalent comphcations of acute 
upper respirator)" mfecuons 
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M \ S S SULFADIAZINE P R O P H ^ L A X 1 S 
or RESPIRATORS DISLASIS IN 
T H E U S N A Y ' 


Almv F ConLRv 

( omrmnilrr (M( ) I S\K 


Introdlctiov 

dclicntc balance whicli exists between respiratory 
pathogens and the human host is frequently disturbed in 
times of \\ ar A balance unfa\ orable to military’’ person- 
nel IS produced in at least three \\a\s (a) by the spread- 
of \irus infections of the respiratory tract, (b) by 
the introducnon of bactenal strains with threat pathogenicirv , and (c) 
b\ the dLsscmination of these strains amontr susceptible rccniits 1 his 
sequence occurred in M orld S\ ar I Outbreaks of measles w ere com- 
mon at training cmips and influen/j reached pandemic proportions 
Following these aims drscascs hemoK tic streptococcus acquired great 
pathogenicirv In 1918-19 this bactenum accounted for at least 242 000 
cisualtics (exclusnc of pneumonia and probable streptococcal diseases) 
in the armed forces ApproximateK 7 per cent of the mean annual 
strength of the anned forces was hospitalized with streptococcal in- 
fections, approximatcK t6 000 men w ere cnpplcd wath rheumatic fca cr 
or acute rheumansm, the monalirv nte from streptococcal infection 
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was high It IS now well known that deaths from respiratory pathogens 
during World War I exceeded the fatalities of trench warfare 

At the onset of World War II, military medicine had equipped 
Itself to prevent fatahnes from respiratory^ infections Nevertheless, 
hemolytic streptococcus accounted for over 47,000 infections in the 
U S Na\y during the first year of the war Most of these were minor 
casualties, however, there ivas an impressive hst of disabling strepto- 
coccal complications 5,231 otios, 2,736 sinusitis, 1,002 acute arthntis, 
869 rheumatic fever, 876 valvular heart disease, and 171 mastoiditis 
The low mortahty rate associated with the advent of sulfonamides 
obscured the fact that at least 2,700,000 man-days were lost to the 
Navy durmg the first year of World War II from proved or probable 
streptococcal mfecaons Nevertheless, in 1943 the morbidity rate from 
scarlet fever reached a level far higher than ever recorded m the history 
of the U S Navy 

It was anticipated that a marked mcrease m the mcidence and 
severity of streptococcal infections would occur in the U S Navy 
durmg 1943 because conditions occasioned by rapidly expanded tram- 
mg programs were comparable to those created m experimental epi- 
demiology It was beheved that under existing conditions in trainmg 
camps, hemolytic streptococcus would manifest increased infecnvity, 
would develop vanants endowed with great pathogemcity and would 
create mcalculable damage to Nav)^ personnel This sequence of events 
became manifest m 1943 Dunng the summer months of 1943 the 
activity of menmgococcus and pneumococcus subsided However, at 
one Naval activity hemolytic streptococcus maintained its pathogemcity 
and late m 1943 this bactenum exhibited increased virulence Further- 
more, strains of this bacterium, identified serologically as types 17, i, 
and 19, mamtained their pathogenicin>^ when transplanted by earners to 
other geographical environments and even mitiated streptococcal epi- 
demics at Naval activioes situated m southern states 

Factors in the Pathogenesis of Respiratorx^ Epidemics at 
Naval Training Stations 

Five condinons favonng the development of respiratory epidemics 
were satisfied at several large Naval training stations in M^orld A^^ir II 
Fresh, highly susceptible recruits were introduced almost daily, there 
was a high rate of change in populanon during the program for rapid 
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tnining, o\ crcrow ding nnd the congestion of hrge numbers of men m 
sleeping qinrtcrs occurred, outbreaks of influenza or measles dc\ eloped 
at large training centers, most of the training stations ere seeded w ith 
smiiis of respiratory pathogens that manifested great communical)iht\ 

Other less ob\ious factors, which aaried from station to station, 
w ere also operant e At some, temperatures w ere high indoors and c\- 
rrcmch low outdoors during the w inter months At others, dust storms 
presented a serious local problem dunng the summer months Rapid 
fliicniations m outdoor temperatures ram, snow , fog, and other climatic 
stites w ere \ ariablcs at each acti\ ity Many of these condiuons, not sub- 
ject to appraisal, were unfat orablc to the normal, physiological re- 
sponses of the host and, therefore, fat orable to the int asion of bactenal 
rcsjiiraton' pathogens 

Conditions which facilitate the transmission of respiratory pathogens 
dunng recruit training arc notv being recognized (1) The contami- 
nation of food, which may cause cxplositc outbreaks of throat infec- 
nons, IS always a potential danger (2) The dmcct transmission of 
respiratory pathogens from infected mditiduals during the incubation 
and contalcsccnt states is accelerated by ot crcrotvding and billeting 
in limes of war The use of double-deck bunks permits the direct 
rnnsmission of large innocula of bacteria from man to man (3) The 
possibility of insufflation of infected particulate matter occurs with 
intcnsiNc rccniit training in sa\ miming One man plunges into the 
water of a pool and contammates it with purulent exudate from the 
nasal sinuses or the respiratory^ tract This material, uninfluenced b\ 
short exposure to chlonnc, may be forced under pressure into the cars, 
sinuses or respirator)’- passages of the recruits who follow m quick 
succession The chlonnation of sxMmmmi; pool water may gne little 
protection under these conditions although alTording a sinsfactorv' 
bacterial count on maK sis rurthcmiorc chlorine acts is an irrinnr to 
the mucous membranes of man\ indniduals This ma\ be one of the 
‘:e\cnl factors inherent m swimming which lower the rc';israncc of 
mucous membnnes and increase suscepiibilirv to the m\ isum of bac- 
terial pathogens alrcid\ harbored (4) Indirect tnnsmis<;ion of air- 
borne rcspirnorx pathogens ls tremendously accelerated In npidh 
expiiuhno tramintr pro<jnms Cone akscent earners” of hemoKtic 
streptococcus arc per force Inrncked in rceniir cimp'- and eontami- 
mte decks and blinkers llioe b->rricks arc filled with ncu tnnccs as 
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soon as billets become empty Dust and blanket lint containing millions 
of organisms are disseminated with each cleaning of the decks and nia- 
mpulaaon of blankets The rapid turnover of recruits and the failure to 
recognize the importance of dust control measures permit ideal con- 
ditions for the mhalation of small numbers of respiratory pathogens 
by large numbers of trainees If these trainees be recruits, their sus- 
ceptibility IS further enhanced by a coincident lowering of resistance 
associated with acchmatizaaon, changes m hvmg conditions, and reac- 
uons to active immunization against tetanus, smallpox, yellow fever, 
typhus fever, and enteric infections (5) The indirect transmission of 
air-borne respiratory bactenal pathogens is further accelerated by the 
passage, directly or mdirectly, of certam viruses Measles and influenza 
are air-bome infections disseminated with great facility in crowded 
barracks Irrespective of whether an individual recrmt contracts or 
escapes these virus infecaons, there can be no doubt that one of the 
final effects of virus activity in a Naval traimng station is increased 
pathogenicity of the prevalent strains of hemolytic streptococcus With 
mcreased pathogenicity of this bactenum, the morbidity rate nses This 
nse IS followed by increasmg dissemination, which facilitates the epi- 
demic process 

Theoretically, it is possible to break this process of spreading con- 
tagion because methods are available to control each factor in the 
mmaaon and perpetuanon of a respiratory epidemic Medical science 
has almost elimmated the explosive outbreaks caused by the ingesnon 
of food infected wtih hemol)nic streptococcus Careful screening of 
convalescents before then return to duty and eliminanon of double- 
deck bunks will reduce the incidence of “return cases" who have been 
infected dnectly by the inhalation of infected droplets The insatution 
of technique for dust control, such as odmg of the blankets and decks 
with bactencidal emulsions, will reduce the incidence of indirectly 
transmitted an-bome infections The cessauon of instruction in swim- 
ming pools will eliminate infections caused by insufflanon The sup- 
pression of influenza by active immunization and measles by passive 
immunizaaon may remove the most important virus factors The pro- 
tection of a recruit from infecnon dunng the first three weeks of “boot” 
training, when he is being acclimatized and actively immunized, will 
increase his resistance at the time of maxamum exposure to hcmolync 
streptococcus 
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PracGcally, it is impossible to control all of these factors while con- 
ductmg a rapidly expanding traimng program The future will un- 
doubtedly see PrevenGve Medicme apply the necessary control meas- 
ures The present must accept the fact that the dissemmaGon and 
mhalaGon of arr-bome respiratory pathogens is not yet controlled by 
Naval samtaGon The medical officer cannot yet prevent the seedmg 
of microorganisms, the rooting of these pathogens m the floor dust, 
the growth of these infecGous agents among his men, the branchmg 
of this epidemic process to other men m his barracks, but he can now 
check the frmGon of an epidemic process by preventmg implantation 
of respiratory pathogens m suscepable recniits It was for this purpose 
that the heroic measure of mass chemoprophylaxis was employed by 
the U S Navy 

A Program for the Control of Streptococcal Infections 

The Navy’s enormous loss of man-days to Streptococcus haemo- 
lyGcus was only one of the compelling reasons for insatuting a Strep- 
tococcal Control Program For nuhtary and civihan welfare it became 
essenGal to prevent the disserrunaaon of respiratory pathogens among 
Naval personnel, to prevent the inducGon of rheumanc fever with the 
development of mcapacitatmg heart disease, to prevent the mvasion of 
streptococcus mto deep tissues with the formaGon of suppuraGve lesions 
and to prevent the spreadmg of this highly virulent orgamsm from one 
Naval acGvity to another To attam these objecGves, a long-term Strep- 
tococcal Control Program was insGtuted m November 1943 

The first objecGve of this program was to check the rapidly rising 
respiratory tnfecGon morbidity rates m the wmter of 1944 by prevent- 
ing the implantaGon of pathogemc bactena m the nasopharynx Con- 
Qnuous chemoprophylaxis was selected as the most promismg control 
measure To test the apphcabdity of chemoprophylaxis under controlled 
condiGons and to determme a standard prophylacGc dose of sulfadia- 
zine, programs were designed for five large northern training staGons 
■unth high respiratory disease rates Groups of tramees were then se- 
lected to receive sulfadiazme prophylaxis and comparable groups to 
serve as untreated controls At each staGon these groups were placed 
under the supervision of an Epidemiology Umt 

On December r, 1943 this controlled program was miGated at five 
traimng staGons Data on the mcidence of respiratory infections in the 
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‘‘treated” and control groups were collected for three months Witli 
the accumulation of these data, the effectiveness of mass prophylaxis 
was manifest It was then decided to extend the program to three other 
Naval acDvities expenencmg a high incidence of streptococcal infec- 
tions and to discontinue the use of untreated controls in the five Naval 
activities at which the sulfadiazme program was already m operation 
Continuous mass prophylaxis was accordmgly extended to about fifty 
camps of eight Naval activities, and this program v^as continued 
throughout the sprmg months of 1944 

Administration 

Camps with high streptococcal morbidity rates, or half of each of 
these camps, were selected as the groups to receive chemoprophylaxis 
Similar camps, or the other half of a camp, sensed as controls Accurate 
daily records were kept of all patients with respiratory diseases seen 
at sick call or admitted to dispensar)'' sick bay or hospital In addition, 
an epidemiologist made daily visits to each recruit unit dispensary and 
to the Naval hospital Climcal diagnoses on all respiratory diseases were 
checked and corrected Throat cultures were made on aU patients with 
frank or probable streptococcal diseases, mcludmg scarlet fever, ton- 
siUids, pharyngitis, erysipelas, ooas media, mastoiditis and sinusitis 

Blood samples were obtained for the determmation of blood sulfa- 
diazine levels from cases with frank or probable streptococcal or 
meningococcal diseases m the treated areas Beta hemolytic streptococci 
recovered from the throat flora were isolated m pure culture, trans- 
ferred to blood agar slants and shipped to the Streptococcus Typing 
Laboratory at the National Naval Medical Center, Bethesda, Maryland, 
for grouping, typmg, and sulfonamide-fastness studies 

Chmcal records were begun several weeks pnor to the institunon 
of prophylaxis to establish a preliminar)^ base hne The dispensing of 
sulfadiazme tablets was placed under the direct personal supennsion of 
the company commander and company clerk of each company A 
“check-off list” msured that each man received his dose, and he was 
required to swalloiv this r gram ivith neater in the presence of the 
company commander No one was excused from taking the drug unless 
possessmg a certificate from the medical officer of his unit indicating 
that he vas sensitive to sulfonamide 
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Results 

The effectiveness of chemoprophylaxis m the control of strepto- 
coccal respiratory infections became apparent at the end of the first 
week After two weeks, the mcidence of rheumatic fever began to 
decline and then fell progressively By the end of one month the inci- 
dence of scarlet fever, tonsilhtis, and rheumatic fever reached a relatively 
low level m each group receivmg chemoprophylaxis It was also apparent 
early m this program that sulfadiazme prophylaxis had no effect on 
the mcidence of influenza, measles, atypical pneumoma and other 
diseases believed to be caused by filtrable viruses 

A EFFECrnmNESS OF CHEMOPROPHYLAXIS IN THE 

CONTROL OF RESPIRATORY DISEASES 

Contmuous chemoprophylaxis with 1 gram of sulfadiazme daily was 
highly effective m preventmg bacterial infections of the respiratory 
tract of susceptible recruits This was evidenced m the following v ays 

1 Effect on TJoroat Flora Throat culture studies were made on 
recruits upon arrival at a Naval trammg station and four v eeks later 
It was observed that men who did not receive chemoprophylaxis ac- 
quired hemolytic streptococcus m their throat flora The carrier rate 
rose throughout trammg m control groups However, m groups receiv- 
mg chemoprophylaxis the earner rate of hemolytic streptococcus either 
remamed at the level observed on arrival or feU to a moderately lower 
level This is illustrated m Chart i 

2 Effect on Total Respiratory Infection The mcidence of res- 
piratory infections was lower m all groups receivmg chemoprophylaxis 
than m the controls This difference m morbidity rates was due largely 
to the effectiveness of sulfadiazme m preventmg streptococcal infec- 
tions This IS illustrated by observations made at a Naval trammg center 
where measles and influenza (catarrhal fever) were prevalent and 
bacterial respuratory pathogens disseminated throughout all areas of 
this trammg activity Chart 2 shows the effectiveness of chemopro- 
phylaxis under conditions least favorable to the host and most favorable 
to the spread of respiratory infections 

3 Effect on the Incidence of Respiratory Symptoms Men m 
groups receivmg chemoprophylaxis had fewer respiratory symptoms 
than men m control groups At some stations the reduction m sick caU 
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EFFECT OF SULFADIAZINE IN PREVENTING IMPLANTATION 
OF HEMOLYTIC STREPTOCOCCUS IN THE 
THROAT FLORA OF RECRUITS 
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Chart I liiroat culture findinps m recruits on arrnni nnd four weeks Inter 
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Chart S Sick call and admission rates for respirators ssTnptoms in a camp of 6,000 
men, half of siliom receiscd chemoprophs laxis 


Visits for respiratory symptoms was 50 per cent m groups receiving 
chemoprophylaxis At other stations the reduction was less striking 
This variation was probably associated with the relanve prevalence of 
virus diseases Observations presented in Chart 3 mdicate what may be 
expected from chemoprophylaxis during the wmter months when both 
virus and bactenal respiratory pathogens are active in a camp of 
5,000 men 

4 Effect oil the Incidence of Severe Respiratory Diseases One of 
the most stnkmg effects of chemoprophylaxis has been the prevention 
of respiratory diseases which require hospital care This was mdicated 
in Chart 3 and is more striking m Chart 4 Chart 4 shows the admission 
rates to a Naval hospital from a traming center where 15,000 recruits 
received chemoprophylaxis and 10,000 recruits were observed as 
controls 

5 Effect on the Sequelae of Influenza Although chemoprophylaxis 
does not lower the incidence of influenza, morbidity rates for respira- 
tor)’ infections following mfluenza ivere lower in groups receiving 
sulfadiazine than in control groups This is illustrated m Chart 5 This 
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aLl T*?ansfers To Hospital 



chart shows the morbidity rates in two battahons at one camp Both 
expenenced a severe outbreak of mfluenza in November 1943 Follow- 
ing this outbrealc, the mcidence of respiratory infections was signifi- 
cantly lower m die group receivmg prophylaxis than m the control 
group 

B EFFECTIVENESS OF CHEAIOPROPHYLAXIS 

IN THREE BACTERIAL INFECTIONS 

It has been pomted out that the effecuveness of chemoprophylaxis 
m the respiratory tract is limited to bacterial infections The effective- 
ness of sulfadiazme in preventmg these bacterial diseases is, moreover, 
determmed by the susceptibihty of the causative agent to concentra- 
tions of o 5 to 10 mgm per cent of sulfadiazme on the mucous mem- 
branes of the respirator^'- tract Memngococcus was found most 
susceptible, hemolyac streptococcus, in most instances, proved highly 
susceptible There u as great %'anation m the suscepobiJity of pneumo- 
coccus 

I Effect on Cerehrospmal Fever Tins disease was eliminated by 
chemoprophylaxis Chart 6 illustrates the effect of the administration 
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Chart 6 Aforbidit\ rates for respirator\ diseases during and following an outbreak 
of influenyu in two battalions of 1,000 men each 
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Chart 6 Ihe incidence of meningococcus meninptis on a large training station 
Chemoproj)lnla\is was instituted on J December 19-13 in 30,000 recruits 
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Cliart 8 Jlorbiditj rates for scarlet fe\er among 60,000 men Chemopro- 
phylaxis was instituted among 10,000 men in December 1948 and extended 
to 30,000 men in January 1944 


of sulfadiazine, i o gram daily, m a camp where 30,000 recruits received 
prophylaxis and 30,000 recrmts were observed as controls 

2 Effect on Scarlet Fever Chemoprophylaxis was highly effecnve 
m preventmg scarlet fever At one trairung center, where 15,000 re- 
crmts received prophylaxis for three months and 25,000 for three sub- 
sequent months, scarlet fever was ehmmated m groups receiving 
prophylaxis This trammg center was situated in New York State and 
had previously expenenced high morbidity rates for scarlet fever 
The institution of sulfadiazine prophylaxis at camps where scarlet 
fever was already epidemic was also found highly effective Irrespective 
of whether the epidemic was m an early stage, at its height, or sub- 
siding, chemoprophylaxis almost ehmmated scarlet fever The most 
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severe test given sulfadiazine dunng this program was at a Naval 
Traming Center m northern Idaho Both virus and bactenal respirator)'^ 
pathogens were widely dissemmated throughout this activity The in- 
stitution of chemoprophylaxis m each camp was followed by a prompt 
reduction m the madence of scarlet fever This is shown in Chart 7 
The extension of sulfadiazme prophylaxis to the entire activity w'as 
followed by a reduction m the morbidity rate from 6 to o 6 per 1,000 
per week This is shoMoi m Chart 8 

3 Effect on Eneummita At some stations chemoprophylaxis low- 
ered the mcidence of pneumoma by 50 to 80 per cent At other staaons 
control measures were ineffective This variation was associated chiefly 
with two factors (a) the prevalence of atypical pneumonia and (b) 
the prevalence of drug-resistant strains of pneumococcus At one ac- 
tivity in Oklahoma, most of the cases of pneumonia were atypical At 
another activity m Idaho, the prevalent types of pneumococcus were 
found to be resistant to sulfadiazme concentrations of 2 mgm per cent 
but suscepable to therapeutic blood levels of sulfadiazme (over 5 mgm 
per cent) Sulfadiazme prophylaxis ebmmated pnmaty streptococcal 
pneumoma but failed to influence the pneumoma morbidity rate at this 
station while drug-resistant strams of pneumococcus were prevalent 
Tills failure, shown m Chart 9, illustrates what may be expected if epi- 
demic strams of hemolyac streptococcus or menmgococcus are sulfona- 
mide-resistant 


Obseri'^ations on Dosage and Schedule 
OF Sulfadiazine Administration 

Two daily dosages, i o gram and o 5 gram, were tested in this study 
Compames were assigned odd or even numbers alternately at the Re- 
ceivmg Unit, the odd-numbered compames received one dosage, the 
even-numbered compames the other A random distnbution of such 
environmental mfluences as barracking, time m camp, messing, and 
other factors was assured Careful physical examinations of pauents 
with respiratory Alnesses u^ere made by the medical officers conducung 
the mvesngation, and throat cultures were obtained to determine 
whether these diseases were caused by bactenal agents 

The findings indicated that there ivas slightly more streptococcal 
illness among die group receivmg o 5 gram of sulfadiazme daily than 
among the group receiving i o gram daily In some camps, no stansti- 
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Cliart 9 Jlorbiditj rotes for pneumonia llie entire station re- 
ceded chemoprophi loMS in Marcli 1944' 


cally Significant difference in the effectiveness of the two drug dosages 
was demonstrable, other camps showed statisncally significant differ- 
ences Tins vananon may well have been due to the character of the 
prevalent strains of hemolytic streptococcus 

In addition to a contmuous daily dosage, several schedules for ad- 
ministration Avere tested, such as, nvice iveekly, alternate iveeks, alter- 
nate days These schedules were found less effective and more difficult 
to admimster than contmuous daily prophylaxis 

Potential Untoward Effectts of Chemoprophylaxis 

More than 600,000 men received sulfadiazme and there were ap- 
proximately 3,000,000 man- weeks m this control program Untov^ard 
effects anticipated include (i) a high incidence of drug reactions, 
(2) severe reactions termmatmg fatally, (3) sensitization of a large 
number of personnel, (4) initiation of sulfonamide-fastness among 
prevalent strains of hemolync streptococcus Each of the above points 
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Chart 10 The distribution of sulfadiazine reactions in relation 
to duration of chemoprophylaxis 


was carefully investigated, and the findings were as follows 

1 The incidence of mild reactions was approximately o 5 per cent 
Nearly all of these reactions were dermal Only half of the reactors 
were found sensitive to sulfadiazme on retestmg with i o gram of sulfa- 
diazme There were no renal comphcations from prophylaxis Most of 
the reactions occurred durmg the first three weeks, there were a few 
immediate reactions among men who had previously received sulfona- 
mide therapy, there were a few reactions as late as forty days after the 
institution of prophylaxis, the peak occurred between ten and fifteen 
days This is shown m Chart 10 

2 Severe sulfonamide diseases occurred once m each 10,000 indi- 
viduals, an mcidence of o 01 per cent These were either exfoliative 
dermatitis or granulocytopema Altogether, thirty-mne men developed 
senous reactions These reactions appeared to be reversible unless fol- 
lowed by sulfadiazine therapy Fourteen deaths occurred among these 
600,000 men from all causes, one from leukemia, two from granulo- 
cytopenia probably caused by prophylaxis, eleven from sulfonamide 
therapy administered to men with mild sulfadiazine reactions There 
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were, also, two sulfonamide deaths m the control groups ^^^ho received 
chemotherapy but no prophylaxis After subsntutmg the use of pem- 
cillin in place of sulfonamides for the treatment of these patients, there 
were no deaths among 350,000 men who received prophylaxis 

3 SensiGzanon did not appear to be produced by prophylaxis The 
evidence for this is as follows 

a The subjects who manifested reactivity to sulfonamide prophy- 
laxis after the first day gave no history of previous sulfonamide therapy 
This mdicates that they had not been sensitized m the past 

b Although about 5 per cent of human subjects develop reactions 
from sulfadiazme therapy, only o 5 per cent developed reactions from 
sulfadiazine prophylaxis This mdicated that prophylaxis per se was not 
sensitizmg 

c Contmumg prophylaxis m several groups for as long as from 
tliree to six months did not mcrease the percentage of reactions This 
mdicates that prolonged prophylaxis did not sensitize 

d Stoppmg prophylaxis durmg alternate xveeks or alternate months 
was followed by no mcrease m the incidence of reacaons Subjects who 
did not react to the first course of prophylaxis were not sensitive to 
subsequent courses The administraaon of sulfadiazme therapy to men 
who had previously tolerated prophylaxis did not cause reactions This 
IS a further mdication that prophylaxis had not sensitized 

4 Sulfonamide-fastness of prevalent strains of hemolytic streptococ- 
cus Drug-fast strains of this bactenum were not detected clinically 
durmg this control program It appeared that chemoprophylaxis does 
not favor the development of drug-fastness The evidence for this is 
as follows 

a There xvas no general mcrease m the prevalence of any serologic 
r\’^pe of hemol}mc streptococcus in the groups on prophylaxis dunng 
the first five months of this program ^ 

b Tliere was no increase in tlie proportion of hemohmc strepto- 
cocci m the throat flora of mdividuals throughout the period of pro- 
phylaxis 

c There xi as no mcrease in ^eptococcal morbidity throughout the 
penod of prophylaxis 

Sulfadiazme prophylaxis was, however, only 85 per cent effectne 

* Dunnir the 'ixth month of thi*: propram tvpc 19 became predominant at «e\cral Naval activities 
Subsequent in ntro tc'ts showed that strains of type 19 at one Naval activity were sulfadiazme 
resistant 
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m preventing the implantation of hemolytic streptococcus Some strains 
were able to infect individuals who had ingested 1 o gram of sulfadiazine 
daily and who mamtamed a blood level of 2 mgm per cent The explan- 
ation for this phenomenon is not yet known It has been suggested that 
these mdividuals may have inhaled a heavy moculum, may have been 
infected by direct contact, may have had a low concentration of sulfa- 
diazine m the secretions of the respiratory tract, may have insufflated, 
during snvunmmg instruction, purulent matter containing living micro- 
orgamsms and cellular debris which acted as a sulfonamide inhibitor 
and afforded protection to the respiratory pathogen These possibilities 
are real However, another possibility which may be of much greater 
significance is the resistance of the microorganism to prophylactic doses 
of sulfadiazine 

That suIfonamide-fast strams were not prevalent during this pro- 
gram IS shown by the fact that those mdividuals who contracted strepto- 
coccal respiratory tract infections while receiving prophylaxis responded 
satisfactorily to therapeutic doses of sulfadiazine That sulfonamide re- 
sistance did not develop generally is shown by the fact that there was 
no mcrease m streptococcal morbidity throughout slx months of pro- 
phylaxis However, the typing results of May 1944 suggest that type 19 
may have developed resistance to small concentrations of sulfadiazine 
During this final month of the program, type 19 became the predomi- 
nant orgamsm at several Naval activities At one activity where all hands 
received prophylaxis, the predommant type disappeared and type 19 
was the causative agent in practically all respiratory infections 

Final solution of the problem of bactenal resistance to sulfadiazine 
has awaited the development of an “inhibitor free” medium which will 
support normal gromh of all strains of Group A hemolytic streptococ- 
cus Such a medium has recently been developed m the Typing Labora- 
tory at Bethesda and appropnate studies are now being made to deter- 
mine whether strams recovered after slx months of prophylaxis are 
more resistant to sulfadiazme than strains recovered and frozen at the 
onset of this program A final opinion will be forthcoming vuth the 
results of these cultural studies At present, the possibility that some 
strains of Group A hemolytic streptococcus are resistant to i mgm per 
cent of sulfadiazme m the secretions of the respiraton^ tract seems real 
This may well be the most important limiting factor of chemoprophy- 
laxis m prevennng implantation of Group A hemolytic streptococcus 
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An Appraisal of Mass Chemoprophylaxis 

This report represents the obsert’^ations and consensus of opinion of 
eight Na\y epidemiology units The data included come from the 
labors of hundreds of officers, petty officers and corpsmen The ma- 
tenal is obtamed from large Naval training activities in all Naval dis- 
tricts of the United States where streptococcal infections are prevalent 
The design of the prophylacac program was blueprinted to meet the 
needs of these stations with their individual respiratory disease prob- 
lems The execution of each program vaned with the size, ability, 
imagination, and resourcefulness of the epidemiolog}'' unit The sero- 
logic typing of hemolytic streptococcus v'as done under constant con- 
ditions in one laborator)'’ Mbth this exception, each program encoun- 
tered variables patently beyond control Nevertheless, given one blue- 
print based on the fact that the presence of sulfadiazine molecules on 
the mucous membranes exerts a bactenostaac effect on respirator\’' path- 
ogens, given one-half milhon men to protect altogether, given one 
sulfonamide to administer, and given one objective, all these epidemi- 
ology'- units reported one conclusion Tlie strategy’’ of mass chemo- 
prophylaxis IS fundamentally sound 

The degree of effectiveness of sulfadiazine prophylaxis is shown in 
these studies to be determined in part by the characteristics of tlie bac- 
teria which the drug encountered For example, the pathogenesis of a 
meningococcal infection seems to depend upon the spreading of this 
organism throughout a “herd,” the pathogenesis of a streptococcal in- 
fection seems to depend upon implantation of a virulent strain in the 
susceptible host, the pathogenesis of pneumococcal pneumonia seems 
to depend upon the lowering of resistance of a earner The effectiveness 
of chemoprophylaxis in these diseases vanes accordingly 

1 For example, it is known that so long as the carrier rate of men- 
ingococcus IS kept low, cerebrospinal fever rarely develops The pres- 
ence of small amounts of sulfadiazine exerts such a highly bacteriostatic 
effect on meningococcus that the carrier rate is reduced to a minimum 
Chemoprophylaxis has, therefore, proved to be a perfect protection 
against cerebrospinal fever in these one-half million men 

2 Previous studies have shown that sulfadiazine, either in prophy- 
lactic or therapeutic dosage, has little effect on the throat flora of car- 
riers of hemolytic streptococcus The present observations have proved 
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confirmatory In addition, however, they have shown that the presence 
of small concentrations of stUfadiazme m the nasopharyngeal secretions 
will “screen out” hemolytic streptococcus Implantauon of this bac- 
terium was prevented m most instances, irrespective of the pathogemcity 
of the prevalent strains Only m a small percentage of mstances did this 
microorganism penetrate the bacteriostatic effect of sulfadiazme This 
occurred after the mdividual had been mgestmg one gram of drug daily 
for a period of weeks and was mamtaimng a satisfactory blood level, 
this was observed m areas where the exposure to streptococcal infections 
was greatest and especially among recrmts receivmg swimming lessons, 
this was most striking at the time that the mcidence of measles was 
high Nevertheless, even under these conditions the presence of sulfa- 
diazme m the nasopharyngeal secretions usually prevented the implan- 
tation of a new strain of hemolytic streptococcus By this achievement 
chemoprophylaxis was at least 85 per cent effective in preventmg strep- 
tococcal infections 

3 Previous studies have also shown that mechamsms essential for 
the pathogenesis of pneumoma are different from those of meningococ- 
cal and streptococcal infections An mdividual may be a earner of pneu- 
mococcus for many weeks and escape disease until an episode upsets 
the host-parasite balance in favor of the microorganism The present 
observations show that a considerable percentage of the individuals 
developed pneumococcal lung infections and pneumococcal odtis media 
while mamtaimng a sulfadiazme blood level of about 2 mgm per cent 
One factor m the pathogenesis of these diseases may have been mdoor 
swimmmg Another factor, demonstrated m certam mstances, was the 
prevalence of a sulfonamide-resistant stram of pneumococci 

Summary 

Sulfadiazme prophylaxis has been administered to approximately 
600,000 Naval personnel and approximately 300,000 similar personnel 
have been observed as controls 

The institution of this measure was followed by a marked reduction 
in the morbidity rates for respiratory diseases 

The mcidence of respiratory sjnnptoms obsen^ed at sick call was 

significantly lowered 

Hospital admissions for respiratory diseases were reduced from rates 
vanning bem^een 5 and 18 per 1,000 per month to less than r per 1,000 

per month 
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Meningococcal infections were eliminated 

The mcidence of pneumococcal pneumonia was sigmficantly low- 
ered at most Naval stations 

Morbidity rates for respiratory diseases caused by filtrable viruses 
were unaffected 

The most effective dosage tested was i o gram daily 

The administration of o 5 gram of sulfadiazine daily was also found 
effective and was followed by fewer untoward reactions 

Mild, untoward drug reactions were observed m about o 5 per cent 
Severe reactions ocurred m 001 per cent of men taking i o gram of 
sulfadiazine daily 

Sensitization of Naval personnel to sulfonamides and the develop- 
ment of sulfadiazine-fast respiratory pathogens did not occur 


This paper has been released for publication by the Division of 
Pubhcations of the Bureau of Medicme and Surgery of the U S Navy 
The opimons and views set forth m this article are those of the writer 
and are not to be considered as reflectmg the policies of the Navy 
Department 

The author is indebted for the data set forth in this paper to the 
following Epidemiology Units of the U S Navy 


Epidemiology Unit #12 
Epidemiology Unit #13 
Epidemiology Unit #19 
Epidemiology Unit #22 


Epidemiology Umt #42 
Epidemiology Umt #43 
Epidemiology Umt #67 
Epidemiology Unit #89 



DISTANT SECONDARY CIRCULATORY 
AND VASOMOTOR REACTIONS TO 
ACCIDENTAL ELECTRIC SHOCK* 

George H Hyslop 

the electrical current traverses the body, its pathv^ay 
K S IS the shortest distance berw'een entry and e\it What 

I w § happens to tissues depends upon the amount of amperage 
S 3 and duration of the current 

CaHSHraSHSESHsS Tissue reactions may be physiological or pathologi- 
cal When the electnc energy of the current is turned mto heat, tissues 
may be burned and destroyed 

L Alexander^ states that 25 rmlhamperes or more may produce 
permanent damage to nerve tissues and blood vessels A cnocal level 
for morphological alteration of nerve tissue is 30 milhamperes per 3 mm 
of nerve diameter for shocks of 5 seconds duranon " 

One may define direct primary effects as limited to tissues traversed 
by the current Induect or secondary effects are those which occur in 
other tissues due to reaction ongmatmg m tissues traversed and directly 
affected by the current 

Prior to a few years ago, certam wnters concluded that the blood 
vessels have less resistance to current than other tissues, or are especially 
vulnerable, thus allowmg part of the current to traverse the body m a 
branching manner, and cause lesions in tissues supphed by these vessels 

This theory was probably devised to explam certam clinical phe- 
nomena, such as an immediate or delayed cerebral reaction to a current 
which passed perhaps from arm to arm, or from an arm to a leg, and 
traversed the trunk 

A W Weeks and L Alexander^ demonstrated that the current 
chooses the shortest path from contact to contact without deflection by 
anatormcal landmarks (thus indicanng that the body acts as “a struc- 
tureless gel”) They also demonstrated that in tissues adjacent to, but 
away from the current mam path, the effecave current conducted 


• Read Januar> 9 at the joint mcetmsr of The Section of Xeuroloff} and Psjchiatrj and The Xew 
Xork Neurological Society 
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rapidly decreases, that is, there is practically no diffusion of the current 
away or distant from its mam path Also, they demonstrated that when 
the current passes from a hind foot to a fore foot, the amounts travers- 
mg die aorta, vena cava, spmal cord and long back muscles were simi- 
lar As for blood vessels, it has been shovm by F Echhn'* that when 
the current traverses artenes, there is an initial constnction followed 
by a period of dilatation which may be severe and prolonged and cause 
secondary hemolysis of the blood m the vems These reactions are 
hnnted to vessels traversed by the current 

However, m certain fatal cases, there may be tvidespread fillmg of 
blood vessels with non-clotted blood, called “hemogemzed blood”, 
which IS regarded as a secondary effect of prolonged respirator^'- paraly- 
sis Such respirator)'^ paralysis may occur in individuals in whom the 
current has not traversed the respiratory center, but where there has 
been prolonged tetanic spasm of the muscles of the body, so that res- 
piratory movements have been interrupted 

A number of authors have commented on the blood pressure re- 
sponses to electnc shock I have not found m the literature any statistical 
evaluation of clinical material bearing on this point It seems reasonable, 
however, to hold that if there is a systemic reaction to mjury by the 
electrical current, then tlie blood pressure response would be similar 
to what occurs in systemic shock due to other causes If the current 
directly affects the respiratory or circulatory centers in the medulla, 
or if It produces a definite effect upon either the heart muscle or tlie 
mnervation of the heart, blood pressure reaction is to be expected with 
a drop where function is depressed As for the heart, its rhythm is 
disturbed by non-dangerous amounts of current, and the pulse wdl 
become rapid and somewhat irregular Ventncular fibrillation, which 
IS fatal in practically every mstance (m e-qierimental animals immediate 
counter shock may abolish the fibrillation) occurs when the current 
reaches an amount of somethmg less than 100 milliamperes continued 
for a second or longer 

L Alexander'' states as follows “In hand to hand contacts cerebral 
changes are not due directly to the current but are caused by the pro- 
longed circulatory disturbances produced by passage of the current 
through the heart and the endmgs of the vagus nen'^e,” 

Instances are known m which no loss of consciousness occurred, 
and the current pathway did not reach the brain, but withm from a 
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few minutes to two or three days, the victim manifested signs of some 
focal reaction in the bram As yet no saosfactoiy explanation has been 
offered for such delayed and distant tissue reactions 

If severe convulsions or prolonged coma are immediate effects of 
electrical shock, local cerebral circulatory reaction is not surpnsing 
If there were a defimte disturbance of heart function, or if a marked 
and prolonged change in blood pressure occurred, one might hypothe- 
cate some focal cerebral circulatory disturbance 

The hterature cites instances of basal gangha and other focal cere- 
bral lesions as precipitated or due to electrical shock-effects in cases 
where the electrical current did not pass through or durectly affect the 
brain. I will exclude from consideration the cases published without 
adequate evidence as to the physics mvolved or proper attention to the 
clinical facts In a number of reported cases, the cerebral lesions are not 
progressive, and the climcal picture is not that of similar lesions due 
to other causes 

The trunk contains the great sympathetic gangha and plexuses If 
these tissues are directly affected by current traversmg the trunk, it is 
physiologically entirely possible that stimuh from the splanchmc, celiac, 
and other abdommal sympathetic gangha would have such an effect 
upon the great blood vessels m the trunk, that the circulation to distant 
parts of the body would be at least temporarily altered without any 
structural change whatever m these distant blood vessels 

It IS known that stimulation of the cervical sympatheac gangha 
affects cerebral circulation Impulses ongmatmg m the trunk sympa- 
theac ganglia undoubtedly may spread to the cervical sympatheac cham 
I have not found m the hterature any discussion or experiments 
bearing upon this hypotheacal physiological reacaon. 

However, such a reacaon offers a theoreacal basis to account for 
such distant reacaons as those menaoned as producing even delayed 
focal cerebral lesions 

I M Scheinker® in a paper enatled, “Vasoparalysis of the Cenaal 
Nervous System, A Charactensac Vascular Syndrome,” presents cer- 
tain conclusions which are perhaps germane 

I quote as follou^ “Paralyac dilaaon of a blood vessel directly^ 

stimulated is accompanied by a slouing down of the blood stream 
which, if sufficient in degree, may result m stasis ” 

He quotes T J Putnam as obser\ang that snmulation of cervical 
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sympathetic fibers causes an average reduction m blood flow of ap- 
proximately 15 per cent, the systemic artery blood pressure remainmg 
constant 

He quotes Nedzel as obsert^mg that after mjections of pitressm, “a 
typical picture of white stasis was observed” to occur m the adjacent 
region with associated degenerative lesions of penvascular nerve tissue 
Scheinker commented also on the passive hyperemia observed m 
agonal states, and the instances m which great dilation of blood vessels 
IS associated with structural changes of the vessel wall, resulting m 
mcreased permeabUity for serous flmd and red blood cells 

Scheinker’s paper is concerned chiefly \vith the effect of mecham- 
cal trauma on blood vessels However, he pomts out that profound 
circulatory disturbances may be seen m regions remote from the direct 
influence of the imtant stimulus, thus mdicating that the stimulus is 
probably transmitted over a neurovascular nenvork to the distant sub- 
division of the vascular tree If there is circulatory stasis, there is local 
accumulation of carbon dioxide which is a particularly active vaso- 
dilator If It contmues to accumulate, there is further vascular dilation 
and mcreased permeabihty of the vessel wall with actual degeneration 
and necrosis of the vessel walls if the alterations are sufficiently severe 
Thus, the essential vascular factor for mvolvement of surroundmg 
tissues IS the mcreased permeabihty of the vessel waU 

It has been amply demonstrated that the effect of electncal current 
on the blood vessels directly traversed is such that degenerative changes 
m surroundmg tissue may be slow m development It is an adage that 
electncal superficial bums may seem mconsequential at first, but that, 
due to delayed effects, there may be later extensive necrosis of the 
tissues mjured 

If current traverses the cervical sympathetic, it is not unhkely that 
the bram vessels may be affected If when the splanchmc and abdommal 
sympathetic gangha are violently stimulated and there may be spread 
of the impulses to the cervical sympathetic, bram vessel reaction could 
occur There might be immediate transient symptoms of focal nature 
if the bram vessel effects were hmited to bnef spasm If the vessel wall 
were to suffer stmctural damage with impairment of permeabihty, 
effects on surroundmg bram tissue might be delayed so that focal chm- 
cal symptoms would not be evident for even a few days 


(See p 306 for References) 
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THE ROLE OF BILATERAL 
ORCHIECTOMY IN THE TREATMENT 
OF CARCINOMA OF THE 
PROSTATE GLAND * 

A report of 82 cases 
\N W Scott and J A Benjamin 

From the Department of Surgery, Di\ision of Urology, of the Uni\crsity of Rochester, 
School of Medicine and Dentistry 


Introduction 



-^N no branch of cancer research, since 1941, has the spot- 
light of medical interest been so defimtely focused as 
that of carcinoma of the prostate gland This interest 
was aroused by a senes of bnlhant expenmental and 
clmical studies that fortunately appeared m a logical and 
orderly sequence The senes which was imoated by Kutscher and 
Wolbergs m 1935^ with the discovery of large amounts of the phospha- 
tase enzyme in the adult monkey and human prostate gland, culminated 
in the splendid expenmental and chmeal studies by Huggms and his 
associate^’® on the effects of bilateral orchiectomy upon patients with 
caremoma of the prostate gland At last it seemed as though some of 
the mystenous factors controlling the development and especially the 
growth of carcinoma of the prostate gland had been discovered and 
a type of therapy based upon sound experimental and clinical obser- 
vations and offermg a very considerable degree of rehef had been 
introduced As a result, bilateral orchiectomy m the treatment of car- 
cinoma of the prostate gland was accepted \vith enthusiasm by the 
medical profession 

Even before the report of Huggms and his associates others had 
observed the effects of surgical castration and irradiation sterilization 
upon patients tvith caremoma of the prostate gland Young* had re- 

• Tins investigation ^'as supported vcith funds from tiie Dr Henry C BuswcU Memorial 
Read before the joint meeting of the Section of Genito-Urmary Surger> of Tlie New "Vork Acad 
eray of Medicine and the tsew York Societ> of The American Urological Association, \ale Club, 
New York City, December 14, 1944 
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ported failures in cases of carcinoma of the prostate gland follow- 
mg bilateral orchiectomy and Counseller® had observed a regression of 
metastases due to carcmoma of the prostate following stenlization by 
irradiation Randall® m 1942 reported a study of five patients who were 
castrated for carcmoma of the prostate, seven, eight, and nme years 
previously Of these, one was livmg six and one-half years but had 
defimte evidence of metastases Munger in 1941'^ reported eight pati- 
ents treated by testicular irradiation, mm of whom had had metastases 
of the pelvic bones six and three years respectively 

In the time that has elapsed since the report of Huggins and his 
associates on this type of therapy, many mvesogators have had an 
opportunity to observe its effects, conduct supplementar)^ experimental 
and clinical studies, and report their findmgs Excellent reports by 
Chute, Willetts and Gens,® Nesbit and Cummings,® Alyea and Hender- 
son,^® Emmett and Hamm,^^ Dean, Woodard and Twombly,^- and 
many others, confirmed for the most part the findmgs of Huggins and 
his associates The question of hormonal mter-relationship between the 
testes and the prostate and pituitary gland was mtroduced m at least 
two of the above reports Likewise the role of the 17-ketosteroids as 
an mdex of male hormonal activity was considered but no defimte 
conclusions were drawn Dean et al suggested that fractionation of 
these might give valuable information concerning their biologic activity 
The resdts obtamed by Kretschmer^® m reporting eleven cases were 
apparently less satisfactory than those obtamed by many of the other 
writers In his series three patients were dead, five were not helped, two 
were improved, and one was reported as feelmg weU 

We were moved to remew the results obtamed by this method m 
our senes of eighty-nvo patients not only because there seemed to be 
differences of opmion as to its effectiveness but for another, and to us 
a much more important reason We were under the impression that 
some of our patients after orchiectomy had enjoyed a varying period 
of marked improvement that was followed by a relapse charactenzed 
by a rapid return to their condition before treatment or even nmrsc 
It was our hope that by studying the course of the patients treated 
by this method we might, m selected cases, be able to recognize and 
grasp a fleeting opportumty durmg the penod of marked improvement, 
to obtam a much more satisfactory result by means of radical perineal 
prostatectomy 
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Results 

The statistics which follow were denved from a study of the results 
obtamed by bilateral orchiectomy upon. 82 consecutive patients in vari- 
ous stages of development of carcmoma of the prostate gland m the 
penod between January 1941 and June 1944 

Age The 82 patients were studied for each decade of life and no 
relation was found between the age of patient and his response to treat- 
ment The average age for all the patients was 69 4 years with a range 
of 55-84 years 

Pathology The clmical diagnosis of carcmoma of the prostate was 
confirmed by microscopic study of stamed sections m 59 of the 82 
cases Of these the tissue was obtamed by means of a punch biopsy 
prior to orchiectomy m 29 cases In the remammg cases the tissue was 
obtamed at the time of transurethral resection for the relief of urmary 
obstruction. In 83 5 per cent of the cases the growth was predomm- 
antly adenocarcmoma while m 16 5 per cent it was predommantly a 
type of undifferentiated carcmoma Sixty per cent of the patients m 
the latter group and 267 per cent m the former were knovTi to be dead 
at the completion of this study 

Acid and alkalme phosphatase studies Thirty-seven of the seventy- 
SL\ patients upon whom serum acid phosphatase studies were made had 
normal preoperauve readmgs Of these the immediate (first two 
months) and remote readmgs remamed normal except for one tempo- 
rary shght mcrease m each category There was no follow-up on two 
patients 

The acid phosphatase readmgs were high before operation on thirty- 
nme patients The results m these cases were immediate drop (withm 
two months) to normal, where it remamed, fourteen, immediate drop 
to normal but remote mcrease to above normal, four, no immediate 
change but remote return to normal, three, immediate return to normal 
but no remote follow-up, four, no immediate readmgs but remote 
studies normal, two, very temporary mcrease followed by immediate 
return to normal, where it remamed, two, immediate mcrease but no 
follow-up, one, and no immediate and remote studies m nine cases 

Of the thirty-seven patients with normal acid phosphatase readmgs 
before operation eight were dead but at least three of these did not die 
from carcmoma of the prostate Seventeen of the thirty-nme paoents ^ 
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who had high acid phosphatase readings before operanon were dead 
The survival rate was better than twice as great in the group with nor- 
mal readings before operation 

At first we did not make a routine serum alkaline phosphatase 
study on our patients with carcmoma of the prostate because we be- 
heved that wlule it did mdicate the response to bone mjury it could 
give us httle if any more information of prognostic value than we were 
able to obtam from our x-ray and serum acid phosphatase studies in 
our cases of carcmoma of the prostate Later because we feared that 
we might be neglectmg a source of considerable prognostic informa- 
tion, we decided to make serum alkalme phosphatase determmations 
Twenty patients had atkahne phosphatase studies made before oper- 
ation From the fifteen patients -vuth normal readings before opera- 
tion the following observations were made Six mamtamed normal 
immediate and remote readmgs, four expenenced an immediate increase 
but returned slowly to normal, three mamtamed an immediate normal 
readmg but expenenced a gradual mcrease, and two had normal im- 
mediate studies but no foUow-up readings were recorded 

Five patients had elevated alkalme phosphatase readmgs before oper- 
ation and the foUowmg observations were made Immediate and remote 
readmgs remamed about the same as preoperative m one, immediate 
mcrease followed by a drop and then a gradual steady mcrease m one, 
very temporary mcrease followed by a return to normal where it 
remamed, one case, and two patients with an immediate mcrease had no 
follow-up studies 

Two of the five patients with elevated alkalme phosphatase readmgs 
before operation have already died of the disease Three of the fifteen 
patients with normal preoperative allcalme serum phosphatase M^ere 

dead when this study was completed 

We have elected to use as the normal for serum acid and alkaline 
phosphatase readmgs 0-5 and o-io Kmg- Armstrong units respecnvely 
X-ray survey The x-ray survey consisted of a routme check of the 
pehuc bones, lower end of the vertebral column, and upper ends of the 
femurs More extensive studies were made when indicated The results 

are showm m Table i 

Covnnent Fourteen of the twenty-SLX patients with positive x-ray 
studies for metastases were kno\ra to be dead at the time this study 
was completed Eleven of the fifty-nvo patients with negative preopcr- 
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Table I 

RESULT OF X-RAY SURVEY FOR METASTASES IN 82 CASES 


Positi\e before, no change 2 

Positive before, progressed 13 

Positive before, regressed 3 

Positive before, no follow-up 8 

Negative before, became positive 6 

Negative before, remamed negative 19 

Negative before, no foUow-up 28 

No x-ray survey before operation 4 

82 


Table II 

TIME INTERVAL BETWEEN ORCHIECTOMY AND RESECTION 


Time in 
montlis 

1—2 

6—12 

18—24 

24—30 

Total number 
of pattentg 

Number of 






patients 

26 

2 

2 

1 

80 


ative \-ray studies were known to be dead but at least three of them 
did not die from carcmoma of the prostate gland 

Changes m the prostatic region The result of this therapy upon the 
prostate gland m eighty-two cases was as follows Unchanged 26 per 
cent, regression occurred m 54 per cent, growth progressed m 2 per 
cent, and no follow-up report on 1 7 per cent When the regression per- 
centage was detenruned on the basis of the number of patients who 
had adequate foUow-up rectal exammations, sixty-eight cases, it was 
found to be 66 2 per cent 

Operattons for obstruction It was necessary after bilateral orchiec- 
tomy to perform a transurethral resection for rehef of unnary obstruc- 
tion upon thirty patients 

It is of mterest to note that twenty-five patients required resection 
Muthin two months after orchiectomy It is possible that some of these 
resections could have been avoided if the patients had not been con- 
fined to their bed after orchiectomy, and the dosage of stilbestrol had 
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Fig 1 Shows the time intervals in relation to the response of the patients 
m terms of urmary symptoms Kxplanation of terminology is as follows exceHent, 
patient is free from urinary symptoms, improved, symptoms present but minimal, 
fair, symptoms disturbing but not progressne, poor, symptoms are very disturbing 
and no response to therapy 

been matenally increased Of further interest is the finding in our data 
that within two months 35,2 per cent of the paaents in the group 
without metastases had to have resections, whereas only 24 4 per cent 
of the group with metastases had to have resecaon 

Another mterestmg feature came to our attention during the study 
of the operative data In the non-metastatic group, which included 
thirty-seven cases, nine patients had had a conservative penneal pros- 
tatectomy for urmary obstrucnon before orchectomy, and at the com- 
pletion of this study all were ahve In the metastatic group, which 
mcluded fort)^-five patients, two of these had had suprapubic prosta- 
tectomy for obstruction before orchiectomy and both were dead 
Genera] response to therapy In an effort to learn as much as we 
could about the effectiveness of this therapy upon the unnary and 
metastanc symptoms of the patients, theu: degree of response was 
estimated in terms of their condition at stated time intervals after 
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6 6 — 12 12 — 18 18 - 
MONTHS 


24 24—30 30—36 44 ^ 


Fig 2 Shoiis the time Lntenals in relation to the response of the patients 
in terms of metastatic symptoms Explanation of termmology is as follows, excel- 
lent, patient has no complaints, improved, defimte improvement but not completely 
free of complamts, fair, improxement is slight but the disease is temporarily 
checked, poor, no response to therapj, and patient is incapacitated 


orchiectomy On this basis the patients have been divided mto groups 
according to their type of response which has been convemently classi- 
fied as excellent, improved, fair and poor (Figs i and 2) 

Response m terms of urinary symptoms A study of Fig i showed 
that the early response of the patients as estimated m terms of urmary 
symptoms was relatively slow, m fact twenty-five patients required 
resecaon for relief of obstruction m the first two months after orchiec- 
tomy Dunng the first six months period the number of patients m the 
improved groupmg was relatively less than m the foLlo-wing six to 
twenty-four months, showmg a delayed response to therapy m some 
cases However, at the end of thirty-six months there were but few 
patients ahve and these were m poor condition 

Response m terms of metastatic symptoms A study of Fig 2 showed 
that the early response of the patients m terms of metastatic symptoms 
was much more pronounced after orchiectomy than in the case of 
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response to unnary symptoms durmg the same early period The num- 
ber of patients m the improved group continued rather constant through 
to twenty-four months However, by the end of thirty-six months the 
results were quite similar to those obtamed with respect to the unnary 
symptoms 

It is mteresting to note that the number of patients in all groups in 
the 6-12 month period, both with reference to theu: response to urin- 
ary and metastatic symptoms, were about the same. However, at 
the end of thirty-six months only a few patients were alive in each 
classification and their progress was unsatisfactory 

When the response to therapy in terms of unnary and metastatic 
symptoms was considered in the hght of the data presented by 
Bumpus^^ m his study of a group of untreated patients, some interest- 
ing differences were apparent He found that 485 patients with car- 
cinoma of the prostate gland, who had received no treatment from the 
time of onset of the first symptoms until death lived an average of 
about thirty-one months The average length of life in our senes was 
354 months, a shght but definite mcrease m the length of hfe as a result 
of therapy He also found that 66 7 per cent of the patients having 
metastases at the time of examination were dead m nme months, while 
our study showed that 40 per cent were dead in an average of 15 i 
months In other patients without metastases at the time of examination 
Bumpus noted that their length of hfe was twelve months Our patients 
without metastases lived an average of 17 i months, in fact one of these 
hved 44 5 months At the time this study was completed 3 1 7 per cent 
of all the patients were dead Therefore, we have some statistical evi- 
dence m the above data that orchiectomy offered definite benefits 
when determined in terms of length of Me 

Discussion 

From this study and a review of the hterature there seems to be 
little doubt but that in the treatment of advanced carcinoma of the 
prostate, especially patients with symptoms of metastases, bilateral 
orchiectomy is a definite improvement over the therapeutic measures 
that were in use before its introduction In the majonty of these cases 
the immediate relief of pam, gam m appetite, increase in weight and 
the occasional decrease m urinary symptoms are often stnkmg and 
most satisfactor)^ This clinical improvement is usually accompanied by 
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an immediate drop m acid serum phosphatase to or towards normal If 
the alkahne serum phosphatase is elevated it may tend to mcrease for 
a short time and then drop toward or to normal Of course there are 
unexplamed exceptions to the above phosphatase reactions In a small 
percentage of these cases there may be a temporary stop of the bony 
metastatic process or even regression In a second and smaller group 
of patients the response to therapy is neither so marked nor so rapid 
but nevertheless it is defimte and steady for a varying period of time 
A third group, in which the response to therapy is at best only fair, 
IS composed of patients who show but shght improvement or m whom 
the progress of the disease is apparently stopped for a tune In the last 
or fourth group are those patients who are not helped by this therapy 
As the interval after treatment mcreases the number of patients m the 
excellent and improved groups steadily decreases so that when the 
penod of between 24-30 months is reached the distribution of patients 
m each of the four response groups is about the same and very few are 
ahve m any group Therefore, while some patients are not helped by 
this therapy the majonty obtain a varymg degree of rehef for a tune 
and the average length of hfe after onset of symptoms and beginmng 
of treatment is somewhat mcreased 

No study of the effects of bilateral orchiectomy is qmte complete 
without a bnef consideration of some of the untoward reactions that 
occasionally occur The loss of sexual power while lamentable m the 
occasional case is usually a matter of secondary importance when 
viewed m the light of the patient’s age and the marked improvement 
that sometimes results from this therapy The unexplamed swelhng of 
the lower extrenuties that occasionally follows orchiectomy is usually 
qmte temporary, disappeanng m four or five months The climacteric 
manifestations consistmg of sweating, hot flashes, irritability, faagUe, 
etc , which occur in varymg degree fortunately respond to estrogemc 
therapy A postcastration gam of weight to an embarrassmg degree is 
rare and was not seen m our senes 

A great many of the reports on the effects of bilateral orchiectomy 
in carcmoma of the prostate have mcluded obsen>^ations on the bene- 
ficial results obtamed from estrogenic therapy Many believe that the 
response to this therapy, especially where large doses are well tolerated 
IS quite comparable to that obtamed by castranon In fact, Kahle and 
his associates^® m a most encouraging report obsen'-ed among other 
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beneficial effects, the regression of metastatic lymph nodes in 2 cases 
From our review of the hterature and our own experience with these 
two types of therapy we are not as yet certam as to their relative ments 
We do beheve that m a certam group of patients m whom the response 
to one of these therapeutic measures is slower than average, the supple- 
mentary use of the other someames causes an immediate sausfactory 
reacuon Except m those mstances where one or the other of these 
therapeutic measures is contramdicated, the decision as to which type 
should be used and AVhen it should be mstituted must await further 
chmcal observaaons Inasmuch as the majority of the patients in our 
senes requirmg an operation for the relief of unnary obstruction were 
operated upon durmg the fiirst two months after their orchiectomy we 
are now usmg large supplementary doses of stdbestrol, when tolerated, 
especially upon those patients who evidently have considerable obstruc- 
tion 

Whde the decision as to whether or not a paaent is a smtable candi- 
date for a foUow-up radical penneal prostatectomy is frequently influ- 
enced by findmgs that are pecuhar to each patient, there are certain 
fundamental requirements that should be met by all of them In so far 
as one can determme from the paaent’s symptoms, x-ray survey and 
phosphatase studies there should be no evidence of metastases The local 
lesion as a result of bilateral orchiectomy or stilbestrol therapy or a 
combmation of both must be sufficiently reduced in size so as to present 
a reasonable chance for its complete removal Fmally the patient’s 
physical condition should at least be fair and his life expectancy should 
be more than three years The idea of attemptmg the radical removal 
of the primary lesion after orchiectomy has evidently occurred to 
others Vallett m 1944^“ reported a radical prostatectomy after orchiec- 
tomy for carcmoma of the prostate and a little later Parlow^^ advo- 
cated the same procedure in selected cases 

In the 12 months that followed our decision to perform the radical 
prostatectomy upon panents who met the requirements previously 
stated, 5 were found upon whom the procedure seemed to offer a fair 
chance of success Two of these had been treated by orchiectomy 
alone, 2 by large doses of stilbestrol and one by a combination of both 
types' of therapy Unfortunately up to the present time only 2 of 
them have been operated upon One paaent who was prepared for 
operation by a combinaaon of both types of therapy was operated 
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upon by Dr A L Parlow, a member of our staff, and the other was 
prepared by stilbestrol therapy and operated upon by one of us At 
the tune of operation m both cases it seemed as though all of the local 
lesion had been removed However, a study of microscopic serial sec- 
aons made from both gross specimens suggested a strong possibility of 
at least a minimal extension beyond the field of operation Therefore 
while the immediate result m both cases appears quite satisfactory the 
remote prospects are rather uncertain It is our hope that at the very 
least the operation will prevent the occurrence of urmary obstruction 
and that it may greatly delay the development of a generalized process 
One patient, prepared on stilbestrol therapy, felt so well that he marned 
and because of objections on the part of his wife, who is much 
younger, has refused surgery Of the two remaimng patients who were 
prepared by bilateral orchiectomy one refused to have “any more 
cutting” and the other had a mild cerebral accident which seemed to 
make further surgery madvisable Because it necessitates but one oper- 
ation and avoids die climactenc nervous disturbances which frequendy 
follow bilateral orchiectomy, we beheve that these patients should be 
prepared for radical surgery, where possible, by stilbestrol therapy 
Furthermore m the event that it is impossible to remove the entire local 
lesion, bilateral orchiectomy could still be held in reserve for future 
use 


Conclusions 

1 A study of the results obtamed by bilateral orchiectomy m the 
treatment of 82 patients m vanous stages of carcinoma of the prostate 
gland has been presented 

2 In the majonty of patients the early response of metastanc symp- 
toms was much more rapid and satisfactory than had been obtamed 
by the methods m common use before its mtroduction 

3 The early response of unnary symptoms was neither so fre- 
quent nor satisfactory 

4 A small percentage of patients received htde or no benefit from 
this therapy 

5 Most of the patients treated by this method were either dead or 
had lost Its imtial benefits withm thuty-six months 

6 In view of the discouragmg end results foUowmg this therapy 
we beheve that a follow-up radical penneal prostatectomy should be 


very seriously considered, in selected cases, where the response to ther- 
apy IS such that there is a reasonable chance for the removal of all or 
almost all of the primary lesion 

7 As yet there is no substitute for radical permeal prostatectomy 
for cancer of the prostate gland where the paaent’s condition and size 
and location of the lesion at the time of the first exammation permits 
Its complete removal 
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Discussion by DR JOHN S HESLIN (by mvitanon) 

I want to express my appreciation for the mvitation to open tlie 
discussion of Dr Scott’s paper His presentation is a valuable contnbu- 
tion at this time, and after reviewing a survey of our cases I can well 
appreciate the great amount of work his complete study has meant 
A review of our cases of carcinoma of the prostate m the Albany 
Hospital shows our expenence to be similar to that of others who have 
reported their results A bilateral orchiectomy with resection was rou- 
tine procedure until recently and gives us a fair number of cases upon 
which to evaluate results 

The excellent results obtamed m our early cases led to great enthusi- 
asm, only to be followed by uncertamty as unreheved cases and re- 
currences appeared This survey tends to restore some of our confidence 
in the procedure as a valuable paUiative measure m this senous disease 
Recently tve have performed orchiectomy only m the presence of defi- 
nite pam due to metastases, or x-ray evidence of metastases, or an eleva- 
tion of acid serum phosphatase 

An incidence of 15 per cent malignancy was revealed m our senes 
of 376 cases undergomg transurethral resection this past year 

For this sun^ey 96 cases of carcmoma of the prostate upon which 
orchiectomy was performed, between July i, 1941 and September 1944, 
V ere reviewed by questionnaire and personal examination Tv'^enty- 
eight or 344 per cent M'^ere reported as having died, 21 failed to reply, 
15 answered the questionnaire, and 32 appeared for examination The 
following obsen’^ations were made from this matenal 

The effect of orchiectomy upon acid serum phosphatase studies 
in 2 1 Cases 


16 Decreased 76 1% 

4 Elevated 192% 

I No change 

The relation of x-ray evidence of metastases and acid serum phosphatase 

X-ray positive for metastases 32 cases 

Elevated acid serum phosphatase 22 cases 68-js% 

Decreased acid serum phosphatase 10 cases 31 ^ 5 % 
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Effect of archtectomy upon pam due to metastases cases) 


Yrs S\nce 
Operation 

A^imbcr of 
Cases 

pQHi Present Be 
fore Opcratton 

Pain Relieved 

B\ Operation 

Pam Recurred 
To Date 

3 

I 

I 

0 



6 

4 

3 

0 

2 

16 

10 

8 

2 

i !4 

9 

7 

7 

3 

I 

15 

9 

7 

2 


47 

31 

25 

7 


(65 9%) (80 6%) (28%) 

Acid serum phosphatase was elevated m all cases of recurrence of 
pain 

Effect of orchiectotny upon the prostate gland 
(^2 cases excmmed by palpation) 

No evidence of malignancy 14 43 75% 

Suspicious of malignancy 10 31 25% 

Malignant 8 25% 

As a result of this survey, we were impressed by the following 

I Number of glands with no evidence of malignancy upon rectal 
palpation (43 75 per cent of 32 cases examined) 

2 80 6 per cent of 3 1 cases were reheved of pam, with a small 

number of recurrences 

3 The excellent bladder funcnon and general health in the great 
majority of patients 

We are convinced that m this procedure we have a valuable pal- 
liative measure m the control of pam from the metastases of carcinoma 
of the prostate Its value as a prophylactic measure, the stage in which 
It will give maximum results and its relation to stilbestrol therapy must 
await further clinical and biological studies 

Discussion by DR HENRY G BUGBEE 

Only through such papers as Dr Scott’s will we be able to properly 
evaluate the role of orchiectomy m the treatment of cancer of the pros- 
tate It IS to be expected that those of us who have practiced urology 
for a considerable period of nme will view any mno\ ation in the man- 
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agenient of this perennial problem with resen’^e and even a certain 
amount of cynicism However, when one ceases to be open minded, his 
judgment becomes biased and he limits his sphere of usefulness to the 
patient 

Through the years many of us have at one time or another employed 
almost every method of treatment or operation, m an attempt to cure 
this disease In some instances the results of treatment have been more 
distressing than the disease itself, such as the toxemia resulang from 
various methods of radiation and the mutilation often incident to efforts 
at surgical removal of the growth, or even of palliative surgery Fur- 
thermore, we have noted a great vanation m the course of the disease 
when untreated The cancer m many instances is slow m its grou'th, 
such patients often hvmg for years in comparative comfort This leads 
us to interpret the occasional glowmg accounts of a favorable course 
folloMung operanon or radiation as mstances of a slowly growing type 
of cancer, cases that might have done well under any type of treatment 
or no treatment at all Only through the treatment of a large number 
of cases and obsen'^ations over a penod of from five to ten years can 
one correctly evaluate any method of treatment for cancer of the pros- 
tate 

It IS now some years since Huggins presented his studies, and most 
of us have treated a sufficient number of cases to have formed some 
fairly definite ideas regarding the efficacy of orchiectomy in the man- 
agement of prostatic carcinoma The striking and immediate improve- 
ment that has often been noted, especially m far advanced and dissemi- 
inated cancer, gave promise of what some thought might prove to be 
a cure for this most difficult of urologic problems However, sufficient 
time has elapsed and the number of cases so treated has mounted, so 
thit I ver^j^ much doubt if any urologist is willing to believe that orchi- 
ectomy can ever be considered a cure for cancer of the prostate If, 
however, it does no more than give a temporar)’- rehef from pain, re- 
duce the size of the prostate, soften the gland and improve the general 
wellbeing of the patient, as it does m so many instances, it has added 
much to our means of treating this distressing condition 

iMy own cxpenence, obsen^anons of cases of other urologists and 
renews of clinical reports, lead me to believe that the benefit den\ed 
from orchiectomy is temporarv’^ and is a procedure to be held in rcsen e 
until It IS required to bnng about the relief that w e can usually expect. 
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namely rebef of local pam from pressure or incident to metastasis, and 
to raise the general morale of the patient If this operation is carried 
out early in the disease, the relief that it affords at a later period, when 
It IS most needed, is demed the patient I very much doubt if orchiec- 
tomy wiU reduce urinary retention, a phenomenon that has been noted 
following radiation 

The studies that have been carried out in blood chemistry associated 
with cancer of the prostate and the changes that have been recorded 
following orchiectomy are most mteresting and give us corroborauve 
evidence of the course of this disease, but from my own evpenence, 
such data would seldom provide an indication for orchiectomy 

Much has been wntten of late regarding total or radical prostatect- 
omy for the cure of cancer of the prostate If one encountered such a 
grovTh in a very early stage and it was so localized in the gland that 
a removal of gland and capsule would ehmmate the cancer, such an 
operation would be ideal The most favorable cases that I have encoun- 
tered were those in which a small area of cancer was found on patho- 
logical section m prostates removed for hypertrophy and in which can- 
cer was not suspected before operation Eight such cases were reported 
in 1928 One subsequently died of cardiovascular disease, the others of 
cancer with definite local extension of the growth I have seen perineal 
prostatectomy carried out by some of our most able surgeons for sup- 
posed cancer of the prostate and the hard nodule suspected of mahg- 
nancy proved to be benign, I have seen also a prostate exposed, a sus- 
pected nodule excised, sectioned, found to be bemgn and the penneum 
closed These procedures carried out by our most ardent advocates of 
this type of operative relief, make me wonder how often we really are 
able to select those cases most favorable for this type of operation The 
various senes showing results of radical operauon that I have seen ex- 
hibited ha\ e not impressed me favorably from the standpoint of opera- 
tive mortahn^ functional results and length of life, even though die 
operations were performed by our most skilful perineal surgeons To 
niv mind their results do not compare favorably with the symptomatic 
relief obtained through the elimination of retennon by transurethra 
resection and the employment of orchiectomy to alleviate the pain, local 

and creneral, due to metastasis late in the disease 

A patient now 84 years of age u ho has been under my care since 
1918, at ^^hlch time he had an unmistakable cancer of the prostate. 
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went on comfortably until 5 years ago w^hen he developed retention 
Transuretlural resection gave rehef and he now’^ attends daily to an active 
law'^ practice, voids once at mght, ever}'- 4 or 5 hours dunng the day 
and says he is comfortable I sail have orchiectomy to offer hmi w'hen 
tlie symptoms warrant I could cite other cases that have been obsen’^ed 
over shorter but appreciable periods of ame, in which the grow'th has 
progressed slowdy Sulfa drugs have played an important role in con- 
troUmg infecnon and salbestrol has occasionally served as a valuable 
adjunct 

These bnef remarks are not mtended as a deterrent toward any one 
method of treatment of cancer of the prostate, but from the facts at 
hand I do not beheve that we are yet m a posiaon to talk about cures 
m this disease This does not mean that we should not make every 
effort to detect those cases which might be cured, especiall}'- through 
an attempted complete removal Rarely such cases may be encountered/ 
In recordmg such a result, however, one cannot lose sight of the cases 
W'hich have often shown little change over a long penod of years and 
w'onder if the case reported nught not have been such a type of growth 
Tlie advisabihty of attemptmg prostatectomy followtng orchiectomy 
can only be evaluated foUowmg its tnal m a senes of cases, observed 
over a sufficient length of time 

At the present ame I beheve that we should give these cases the 
benefit of what we thmk waU give the mdividual the greatest rehef over 
the longest penod of ame, and in this role orchiectomy has established 
a vet}’- defimte place 

Dr Scott has given us a clear, comprehensive, unbiased report of his 
wude e-cpenence wath this operaaon His remarks will add considerably 
to our knowdedge and we are mdebted to him for them 

Disciisston by DR OSWALD S LOWSLEY 

I enjoyed Dr Scott’s paper ver}'- much We all know that cancer is 
the black page m aU phases of medical pracace The eaolog}’- of pro- 
staac carcmoma is unknowm, but our obsen’^aaons lead us to beheve that 
Huggins and Munger are on the nght track w hen they state that there 
IS a relaaonship of the androgemc hormone to this t}'pe of cancer Yet 
as ame elapses, w e find that wffide castraaon is verv’- helpful in many 
cases, It IS not the complete answ er to the cancer problem 

In our department at New' York Hospital w'e tr>', in all controversial 
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matters, to give each member of the department leev^ay to do what he 
thmks best. Thus v'e have one group which has done castration on 
ever)^ case of cancer of the prostrate, another which has done it only 
when pain develops, and so forth A great mass of statistics is necessary 
to arrive at characteristic findings, even though it may seem quite con- 
fusing at tmies So far, the number of our cases is not sufficient for 
definite conclusions Hov’^ever, Dr Pavlow, our resident, has gathered 
together some statistics on 276 patients who have come under our care 
From these we have made certam observations, briefly as follows 

1 Prostatic carcmoma seems to be of rwo types The large major- 
ity (over 75 per cent) begin in the postenor lobe The remainder are 
found m adenomatous hypertrophies which have been removed, their 
presence bemg unsuspected until revealed by the microscope A mor- 
phologic pecuhanty of these cancers is the diversity of their forms 
Adenocarcmoma is the commonest type, but scirrhus, medullary, and 
squamous cell carcinoma may be found, sometimes in the same specimen 
The frequency of metastases to the pelvic bones and the lumbar verte- 
brae IS well knovm However, dissemination may also occur in distant 
areas 

2 These cancers not infrequently occur m men who are under the 
age usually associated with bemgn hypertrophy, that is, 50 years and 
over Of our 276 patients, the youngest was 45 years and 4 others Avere 
under 50 years of age The greatest mcidence (42 per cent) was in the 
SLVth decade 

3 The symptoms of prostatic carcinoma occur late and are not 
easily differenaated from those of adenomatous hypertrophy Over 
50 per cent of our paaents had symptoms less than one year Urinary 
disturbances, usually the first symptoms, were present in all but 1 2 of 
our cases Pain, Avhich often is due to skeletal metastases, was present 
m 63 cases, hematuna in 61, and loss of weight in 34 These are all late 
manifestations and not helpful m diagnosmg the condition early Four 
patients vath quite extensive caremomas had no symptoms wdiatsoevcr, 
their tumors bemg discovered during physical examinations for other 
reasons 

4 Over one-half (56 per cent) of our cases were diagnosed by 
rectal palpaaon In doubtful cases, microscopic examination of tissue 
removed from suspicious areas with a biopsy instrument introduced 
through the penneum successfully establishes the diagnosis as a rule 
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Carcinomas coevisting with adenomatous hypertrophy may be \cr)’- 
difficult to diagnose chmcally 

5 We have found acid serum phosphatase studies ver)’^ helpful in 
determming the presence of skeletal metastases, and as an indev to the 
progression of metastases In cases having lo or more King and Arm- 
strong umts per loo cc of blood, definite \-ray evidence of such 
metastasis either is present or is likely to develop subsequently 

6 The prognosis of prostatic carcmoma is grave In early tumors 
which have not extended beyond the prostate and its capsule, radical 
removal of the prostate and seminal vesicles, plus castration by the 
method descnbed above, would seem to offer the best hope of a cure 
of the disease In cases where the growth has extended beyond the limits 
of the prostate, total prostatectomy m ithout the removal of the seminal 
vesicles, plus castration, will usually relieve the patient’s symptoms and 
prevent recurrence of the disease at the bladder neck, and thus the pati- 
ent will not die of the effects of urinary obstruction Stilbestrol is help- 
ful when castration is not permitted 

7 Regarding treatment, it is difficult to summarize these stanstics, 
but the followmg is clear 

From 1921 to 1938, a period of 17 years, Aarious forms of treatment 
were unhzed, for the most part open operation and implantanon of 
radon seeds, often -with supplementarv’^ deep \-ray therapy Eighteen 
out of the 165 patients are known to have lived 3 years or longer, one 
hardy soul bemg alive 8 years after a transuretlvral resection with radon 
implantation and deep x-ray therapy 

From Januar^^ 1938 to January 1944 there A\as a total of 1 1 1 cases 
64 w Ithout castration and 47 with castration Of the former, 44 patients 
with prostatectomy or resection w ere follow ed up Thirteen of these 
lived 3 years or longer, all after open opcranons The longest sur\u\ al 
n as 5 Yz years This patient is still aln e and quite v eU 

Of the 47 patients m ho had castration, 20 were alive on January' 1 
1944 8 after open operanon and castration, 16 after transurethral resec- 
tion and castration, and one after castration only One cannot draw 
definite conclusions regarding iniproa emenr in the mortalirv* rate of the 
cistratcd cases as compared with the non-cistratcd cases because insuf- 
ficient tunc (onlv 3 '4 rears) has elapsed since this method was in- 
stituted 

In our expenence the procedure has not made \ en* much difference 



326 


THE BULLETIN 


in the se\Tial powers, perhaps because most of these paaents are beyond 
the age of sexual acavity Eunuchs m the Far East have been known 
to retam their sexual vigor for many years after castration 

There is no doubt but that the castrated patients show a prompt and 
often complete freedom from pam, gam weight, and have a feehng and 
appearance of well-bemg This last is heightened by the splendid cos- 
metic effect produced by the implantation of fat mto the tumca albu- 
gmea after removal of the testicular tissue as descnbed above Even 
should It turn out, as it well may, that life is not remarkably extended 
by the addition of castration to our armamentanum, this procedure is 
still worth whde, because it is our duty as physicians not only to pre- 
serve life but to reheve suffering, and castration m carcinoma of the 
prostate unquestionably does that 

Agam may I say that I appreciate Dr Scott’s paper It is a very 
accurate statistical study, and we are mdeed fortunate to have had it 
presented to us 

Discussion by DR ARCHIE L DEAN 

After reading Dr Scott’s excellent paper and having had the oppor- 
tumty of hearing him present it, one must praise his work because it 
consists of a sizable number of patients carefully studied The men 
studied were apparently m about the usual condition of patients com- 
monly seen with prostatic cancers, and responded to the treatment he 
gave them m about the same way that other surular groups have reacted 
to the most careful endoerme treatment The only pomts of Dr Scott’s 
work which are not qmte clear to me are— 

1 When, m addinon to orchiectomy, did he employ stilbestroP 

2 "V^Ty did he use this drug, and 

3 In what way did stilbestrol, superimposed on castration, modify 
the patient’s clmical course? 

At Memonal Hospital we have been able to treat and observe over 
reasonably long periods 120 patients with histologically proved pro- 
static cancers Additional patients were treated but, for various reasons, 
they were unsatisfactory for close study On the basis of our expen- 
ences and the u ork of others there appears to be a close similarity in 
the clmical picture presented by every comprehensive series of patients 
with prostatic cancers treated by modification of the endoermes This 
makes the work of all reporting urologists more convmcmg 
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On the basis of their response to treatment e recognize m a rough 
way, three groups of pauents 

Group I There is a small rmnont)' of men w ho, m spite of all treat- 
ment, follow an umnterrupted downhill course endmg m death 

Group II The great majont}* are benefitted Speaking general!} 
and somew hat opomisncally, pain is rehe\ ed promptly and complcteh , 
appetites are much impro\ cd, physical and mental abilit}' is reestablished, 
the pnmar}’ tumor softens and slinnks, and metastases in soft parts in- 
cluding even large secondat}'’ deposits m the lungs, disappear until all 
in all a remarkably favorable transformaaon has taken place After a 
\arymg penod of good health (between 7 and 9 months in our pau- 
ents) the majont}’, about 60 per cent, relapse and the disease progresses 
at a rate apparently more rapid than before treatment w as first gi\ en, 
unul death occurs \^’c ha\ e been unable to sigmficantly alter this fatal 
outcome by administering stilbestrol to castrated pauents or by castrat- 
ing those men treated primarily w ith stilbestrol 

Group III The remainmg pauents w ho sun ive the penod of com- 
mon relapse may conunue mdefimtely longer m seerrungly good health 
but m one by one the prostauc cancers appear to become reacuve and 
they succumb Dunng this penod it is also possible, as Dr Scott stated, 
for pauents to die of mtercurrent disease There may be a few mdi- 
Mduals who conunue well A small number of our pauents show no 
disease, excepting perhaps long unchanged x-ray evidence of bone 
metastases, for more than 3 vears after treatment w as started One docs 
not know as yet what their future development will be 

\^'hen w c first began to treat cancers of the prostate by modifica- 
tion of the endoennes, alternate pauents w ere treated by castration and 
by the admimstrauon of sulbestrol After observing the results on nearly 
So patients the admmistrauon of stilbestrol i mg dailv by mouth at 
bed umc became and has remamed the pnmary treatment of choice 
Companson of these r« o types of treatment in our hands shows that 
castrauon often produces a spectacular disappearance of bone pain in 
24 to 4S hours whereas i mg daily of sulbestrol requires 7 to is da\s 
to bring about this result although large iniual doses of estrogens m 
the form of pellets may equal the immediate effects of castration Other 
than this w e ha\ c obeerx cd no feature of the disease w hich w as not as 
greatly impro\ cd bv the drug as bv operauon nor ha\ ewe found 
reison to combine the n^o treatments 
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Because Dr Woodward, physiological chemist of the Memorial 
Hospital, was one of the pioneers m demonstrating the significance of 
the phosphatases m cancers of the prostate and m other diseases, we 
have for years supplemented clinical observations on patients ivith pro- 
staac cancers with frequent assays of the acid and alkalme phosphatases 
of the serum and have become convmced of their diagnostic and prog- 
nostic value Although there is little chmcal difference bettveen the 
prostatic cancers of castrated patients and those treated with stilbestrol, 
phosphates studies suggest that the results are brought about by different 
processes After castration the acid phosphatase quickly drops to nor- 
mal or nearly normal M^hen bone metastases are present, the alkaline 
phosphatase at first increases m <56 per cent of the patients After about 
2 months it decreases to far below the imtial reading This suggests that 
dunng endocnne rearrangement follotvmg castration there is some 
change which stimulates bone regeneration Since alkalme phosphatase 
rises after castration in other diseases with bone metastases, we believe 
this reaction is a bone reaction rather than a prostatic cancer reaction, 
in ocher words, it is a reaction of the bone around the tumor rather 
than a reaction of the cancer metastasis m the bone 

TOen stilbestrol is administered the serum acid phosphatase de- 
creases to normal or toward normal, but not so rapidly as after castra- 
tion In the presence of bone metastases there is an initial nse of alkaline 
phosphatase m only 20 per cent of cases This is followed by a gradual 

faU 

In general, phosphatase studies suggest that after either castrauon or 
stilbestrol there is a change m the metabolism of the prostaac cancer 
characterized by a dimmuaon of the acid phosphatase 

We have expenenced difficulty in recognizing \-ray evidence of 
changes in bone metastases dunng and after treatment Since the pic- 
tures Ave have seen have changed slowly, if at all, we depend exclu- 
sively on measurements of the serum alkaline phosphatase to shoiv the 
immediate status of bone lesions This test appears to be quite sensitive 

for the purpose 

From the fact that there is general agreement concerning the clinical 
response of prostauc cancers to endocrine treatment it would appear 
that urologists have well performed their functions of administering 
the best treatment knoum and obsennng its effects accurately Even 
so, unfortunately, the treatment of this important disease remains em- 
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pincnl because one docs not kno\\ hoM' to choose the most cfFectnc 
treamienr for the indnidual patient nor can one accuratcK predict his 
response I bchc\ c the answ ers to these and many otlicr questions of 
equal importance \\ ill be soK ed by steroid chemists after they succeed 
in isolating the different androgens and estrogens and learning the pin - 
siological functions a\hich each performs 

Discmsioii In DR E GRANVILLE CRABTREE 

It has been a great pleasure to be present as a guest of the Society 
this eacning I ha\c enjoyed Dr Scott’s paper \cry much indeed It 
has a definite place in the long senes of attempts nhich arc being made 
throughout the countr)’^ to establish an c\act basis for appl) ing the 
important contnbution of Huggins for the treatment of cancer of the 
prostate for the best interest of the patient It has not been cas\ to 
arm c at that end 

Progress tow ards this end has been delaa ed by unfortunate lay pub- 
hcira w Inch is so frech gi\ en in medical matters now adays, such as the 
publication by DcKrcif on this subject some time ago Tlac unwar- 
ranted optimism there expressed is not now borne out by present facts 
It has been iicccssatx* for urologists, from that time on, to combat (often 
unsuccessfulU ) the patient’s com iction that the endoennes arc curatn c 
I ha\ c also attempted to influence patients to permit total prostatcctonn 
after apparent disappearance of cancer under hormonal therapy, only 
to find that articles in the lay press stood in my w ay Dr Scott’s inci- 
dents of similar nature indicate that I haac not been alone in this Not 
one of my patients w ould consent to operation, w hich micht ha\ c been 
curatnc in the stage of improaemcnt The Ia\ press assumes perhaps 
unconsciously the role of ad\ isors without responsibihtx'— a dangerous 
situation in ana field 

I shall aaatch aaitla interest dcaclopments aalaich folloaa the recent 
syora of the Smitlaaaick operanon in 1 he Saturday Ezejiuio; Post I'his 
new and as a cr not fulh" established procedure is noaa similarla placed 
in this cubjcct of prostatic cancer The surgera' for the condition is dif- 
ficult and feaa adcquatela trained surgeons capable of the operation exist 
at the time aaidc pubhciry creates aaidc demand 

I a\ ish the laa press aa ould alloaa us time to establish more ncarla 
the a aluc of ncaa procedures before thea* rush publicita* aahicli is cap- 
able of doincr trreat harm 
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Disctisston by DR CLYDE L DEMING 

Dr Scott’s paper has been extremely interesting, and I appreciate 
the honor of bemg asked to discuss it I shall confine myself to just a 
word of comment 

Briefly, we accept three mam facts m the consideration of the results 
of hormonal therapy for cancer of the prostate (i) Pam is reheved in 
8o per cent of cases m which there are metastases (2) About 60 per 
cent are improved as far as general weUbemg of the patient is con- 
cerned (3) As far as we know, no case has ever been cured by hor- 
monal therapy alone That leaves us with the necessity of domg a radi- 
cal exorpaaon of the prostate m those cases where the tumor is limited 
to the prostatic capsule 

The future approach to this problem lies along two avenues First, 
there is that of climcal study on the part of the urologist He must find 
out when and how much of the hormone to give The second pomt 
may be a far-fetched idea, but 1 beheve that it hes just ahead of us, that 
IS, to give hormonal therapy as a prophylacac so that no one will de- 
velop a prostatic cancer. This latter avenue must be approached through 
the biochemist He must first tell us what the carcmogemc agent in the 
testis is which causes a stimulanon of the epithehum of the prostate to 
grow mto a cancerous condition He must also find out, if possible, ivhat 
anti-carcmogemc is present m stilbestrol or similar substances 

Dr Scott has made an approach to these problems climcally He is 
attemptmg to give us a procedure which wfll make an moperable case 
an operable one First, he reduces the cancerous growth, then removes 
it in those cases in which it seems mdicated Certainly one should not 
attempt a total removal of the prostate if there is an elevation of the 
acid serum phosphatase 

In support of Dr Scott’s contention that if it is possible to reduce 
the size of the prostate by hormonal therapy, surgical removal should 
then be advocated, I would like to remmd you of a case reported by 
Dr Herbst of Washmgron It is only a smgle case, but a very mterest- 
mo- one The case was one of an undoubted carcmoma of the prostate 
proved by biopsy While extensive hormonal therapy left the glandular 
tissue greatly reduced, even to normal size, soft and elastic to palpa- 
tion, yet after the patient’s death from coronary disease or pneumonia 
(I forget which) autopsy showed in the center of the prostate a small 

nest of visible cancer cells 
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DR SCOTT (Closing) 

First I want to thank Dr Delzell and the members of the New York 
Society of the Amencan Urological Association for the pnvilege of 
presentmg this paper, in which Dr Benjamin joms me Also we greatly 
appreciate the courtesy and consideration shown us by those who have 
discussed the paper 

We agree with Dr Bugbee that because it is seldom possible to de- 
termme m advance with any degree of accuracy the course of a patient 
mth carcinoma of the prostate gland it is difficult to decide upon the 
type of therapy to use and to evaluate properly its effect. In our senes, 
6o per cent of the patients mth the predominantly undifferentiated 
type of caremoma of the prostate and 26 7 per cent mth the predom- 
mantly adenocaremoma t)^e of tumor were dead when this senes was 
completed A histological study of tissue from the prostate might give 
some information as to the prognosis of the patient and the t\’pe of 
therapy that would be of most value It would seem that Dr Bugbee’s 
evaluanon of the radical prostatectomy m the treatment of carcinoma 
of the prostate is defimtely different than ours It is only by such honest 
difference of opimon that truths are determined and medical progress 
IS made 

We agree with Dr Lowsley concermng his uncertamty Muth refer- 
ence to the relative ments of orchiectomy and estrogemc therapy We 
are of the opmion that m certain cases where the response to one tj’pe 
of therapy was not quite satisfactory the supplementar)'’ use of the other 
someumes proved to be qmte benehcial In one of our cases m which 
the effect of orchiectomy was not sufficient to permit a radical follow- 
up prostatectomy, the supplementars’- use of snlbestrol made this pro- 
cedure possible 

In answer to Dr Dean’s quer}’- as to the factors that aid us in mak- 
ing a choice between orchiectomy and stilbestrol therapy we can only 
state that we are governed by no set rules m this respect but rather by 
the findings in each case For example, one of our patients who had a 
history of a coronary thrombosis three months prenously had an in- 
volvement of the prostate, when first seen, that seemed a httle too 
extensive to permit its complete removal unthout prehrmnary shnnk- 
age Because of his cardiac history and the findmgs it seemed adins- 
able, if possible, to prepare him with stilbestrol therapy His response 



to this treatment was so satisfactory that it was possible to perform a 
follow-up radical prostatectomy In such cases, where a moderate de- 
crease m the size of the prostate gland will permit a radical prostatect- 
omy It is probably wise to try stiibestrol therapy first We are of the 
opinion that if we had used snlbestrol therapy in preference to orchi- 
ectomy m the patient who refused to have “any more cutting” he might 
have consented to a follow-up radical prostatectomy 

The results obtamed by Dr Heslin m the very excellent review of 
his cases of carcmoma of the prostate gland treated by orchiectomy 
confirm the results obtamed by us and others by this therapy 

It IS much too soon to know what will happen to these patients who 
have had a foUow-up radical prostatectomy after preliminary bilateral 
orchiectomy or stiibestrol therapy, but we hope the results will be an 
improvement over those obtained by orchiectomy or snlbestrol therapy 
alone or in combmation It is our mtention to try this combined therapy 
upon a series of patients and it is our hope that others will do the same 
and report their results 
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The Wesley M Carpenter Lecmre^ 

Thomas Francis, Jr 

influenza should be chosen as the subject for the 
Wesley M Carpenter Lecture is a signal distinction and 
a recognition of the developments m the field durmg 
the past decade In this time we move from the first 
identification m the Western Hemisphere of virus from 
epidemics of influenza in man, to the demonstration that prophylaxis 
against the epidemic disease is possible In the advance there have been 
numerous contributors, many diversions and frequent discoveries of 
fundamental biological importance 

The probabilities for the control of an infectious disease mcrease 
as knowledge of its biology advances There is no simple formula lead- 
mg to a successful conclusion Once the responsible agent is identified, 
however, information develops as tools and methods for promotmg the 
study are devised But m the study mterest m the method should not 


^From the Virus Laboratory and the Department of Epidemiology, School of Public Health TJniver 
sity of Micliigan Certain of these studies were conducted under the auspices of the Commission on 
Influenza Board for the Investigation and Control of Influenza and other Epidemic Diseases in the 
Array, Preventive Medicine Service Office of The Surgeon General U S Army 
'Given October 13, 1944 at the Seventeenth Graduate Fortnight of The New York Academy of 
Medicine 
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obscure the problem of the disease its identification, an understanding 
of the mechamsms by which it is produced, maintained, and distributed, 
an evaluation of procedures which might aid in the control or cure of 
the disease 

Smce 1933, when Smith, Andrewes and Laidlaw,^ following on the 
heels of ShopeV demonstration that a virus was involved in swme in- 
fluenza, first identified a virus from human influenza, a large number 
of mvesGgators m numerous laboratories in different countnes have 
tackled the vanous aspects of the problem While it is impossible to 
make a sharp division benveen studies of the virus and the apphcaoon 
of this information to study of the natural disease it may be well first 
to review certain characteristics of the virus which serve as the basis 
for much of the wider research 

Studies of the Virus 

Media At present there is no direct method for the rapid identifi- 
cation of influenza virus m the chmcal case Its recognition depends 
upon the demonstrauon of efl^ects produced in the course of its infec- 
tious activity At first the response of the ferret was the sole indicator, 
then the mouse, squirrel, hamster and other species came into use Later 
the embryonated hen’s egg became important, with infection established 
by moculadon onto the choroallantoic membrane, into the amnioric 
sac, directly mto the embryo, or simply of unfiltered throat washmgs 
into the allantoic sac Beyond a characteristic febrile reacnon in the 
ferret, demonstration of the virus’ presence in animals, after intranasal 
moculaaon of suspected material, comes from the development of a 
typical pulmonary lesion with continued passage or through the fact 
that the virus induces the producuon of antibodies in the blood and a 
state of resistance to reinfection Ongmally the egg had somewhat the 
same general purpose as tissue cultures, for demonstration that virus 
was present depended upon secondar)'- transfer to ammals or serologi- 
cal procedures In the important discovery first reported by Hirst,’’ 
later also by McClelland and Hare,'* that influenza virus caused aggluti- 
nation of erythrocytes of the embryomc or adult chicken an extremely 
adaptable reaction came into use When a certam conccntranon of virus 
m the egg is reached it can be readily indicated by an immediate macro- 
scopic effect The possibility of rapid idennficauon of influenza virus 
in the patient’s secretions has been thereby enhanced so that in at least 
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two instances the actual nauire of an outbreak was established m about 
4 days by inoculation of eggs “■ “ 

AnUgentc Vancttton Two types of virus are at present identified 
Type A is the group of strains resembhng the original WS strain of 
1933 Strains of swine influenza also have antigenic relationship to 
Type A virus For a period it appeared on the basis of procedures 
employed at the time that the strams were antigemcaUy identical but, 
together with Magfll m 1937,® it was shown by more precise methods 
that even the strams exhibited detectable vanations As these studies 
expanded, more stnlong differences among them became apparent^® 
In the eggs the strain differences appear to be accentuated to such an 
extent that it represents one of the hazards of the method On the other 
hand there is the possibihty that the antigenic status as determined 
early m the egg is more truly representative of the human virus as it 
moves at large than that adapted to ammals by repeated passages Burnet 
has suggested the significance of stiU finer differences He noted -nuth 
one stram adapted to eggs by the ammotic sac that there was a greater 
capacity to agglutmate gumea pig cells than chick cells and that by 
selective adaptation, only agglutmms for guinea pig cells were devel- 
oped Under other conditions the agglutmms for chicken cells de- 
veloped and overgrew the cavean agglutimns He suggested that the 
gumea pig agglutmms Avere those of the original human stram -O- 
Avhile agglutmms of chicken cells Avere the result of a dent'^ative -D- 
developmg m the egg— thus a vanant of the ongmal These interpreta- 
tions do not appear to be supported in the obserA'^ations of Rickard and 
his associates or those of our laboratory Avhere virus has been identified 
after its first moculation into eggs, by the agglutmation of chicken 
cells to a high titer AAuthout significant differences m its effect on gumea 
pig cells Although certain of the A^anations detectable by mcreasmg 
refinements m technique seem to be of academic interest, evidence con- 
tinues to accumulate mdicatmg that they are of practical importance 
as Avell 

Type B mfluenza Aurus was discoA'^ered m 1940 but evidence showed 
that It had been prevalent m the epidemic of early 1936 Its general 
behavior m animals and eggs is essentially the same as that of Type A 
It has, however, been consistently milder m its pathogenicity for am- 
mals and relatively few strams of the virus have been isolated But 
despite the otherwise close similarities, immunologically Type B virus 
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IS SO distinct from Type A as to represent an entirely different agent. 
The difference is much greater than the variations between strains of 
Type A so that hypenmmune serum which largely obhterates strain 
specificity and overlaps the boundaries benveen Type A and swine 
viruses fads to show cross reactions benveen A and B 

The importance of these sharply distmguished entities to an under- 
standmg of the disease problem will be clearly seen later m the dis- 
cussion 

Serolagical Reactions In response to exposure to influenza virus, 
whether by infection or otherwise, anabodies which may be measured 
m a variety of ways can be demonstrated m the blood stream The 
capacity of the virus to infect animals can be neutralized by mixing it 
with serum of the recovered animal, the neutrahzmg or protective 
antibodies are most commonly measured m mice by determinmg how 
httle serum added to a Icnoum amount of virus is required to prevent 
infection when the mixture is given mtranasaUy In this manner it was 
first shown that a large percentage of human indnnduals after the first 
few years of life, presumably as a result of natural infection, had anti- 
bodies to influenza A^®- and that despite this fact they might well 
acquire the disease agam Avith a further nse m titer The response was 
so clearly correlated with infection by Type A influenza virus and 
not with other infecnons that its specificity was established Infecaon 
ivith Type B virus has no mfluence on the titer to A, and vice versa 
And now the demonstration of an increase in Qter benveen serum taken 
in the acute phase of illness and that m convalescence is generaUy 

diagnostic 

Recently, Hirst’s observation^® that antibodies to influenza virus 
would prevent the virus from aggluanating chicken erjuhrocytes has 
resulted in still more simplified serological procedures, which can be 

carried out rapidly in a general laboratory 

It IS mterestmg m this respect that here agam there is a sharp 
snecificty between Type A and Type B vnuses m that the respective 
immune sera mhibit only the homoJogous virus from causing aggluona- 


It IS not desirable m the scope of the present discussion to dweU 
too long on these measures of the inrus acavitji although they repre- 
sent largely the underlymg methods upon which much of the subse- 
quent rfo— IS based" There are other lines of physico-chemical 
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research which have been increasingly attracnve The size of the virus 
has been measured under a vanety of conditions and except for one 
bnef excursion mto much smaller realms its diameter is at present still 
somewhere between 70 to 100 Mu Efforts to characterize the 

VITUS by electron nucroscopy have yielded photographs of rounded 
bodies with relatively high homogemcity which appear to possess the 
virus activity The active component freed from much extraneous 

material has also been obtamed m sufficient amounts to foster attempts 
to identify the chemical composition of the mfluenza viruses But at 
the risk of appeanng to minimize the importance of these splendid 
studies of fundamental biological significance, I should like to turn to 
the body of mvesogations which are more concerned with the climcal 
and epidemiological aspects of the disease 

Pathogenesis 

An understandmg of the mode of action of mfluenza virus is im- 
portant smce It serves to onent many activities which might appear at 
first glance unrelated Investigation shows that mfluenza viruses act 
qmte specifically upon the respiratory tract Except that certam strains 
have been shown to be adaptable to the nervous tissue m mice^® and 
that an hemorrhagic encephahtis, similar to that produced by many 
viruses, is observed m infected chick embryos,”® influenza virus m 
swme, ferrets, mice, chick embryos and man exerts its pathogemc effect 
on the epithehum of the respiratory system When virus is administered 
m relatively large amounts by pararespuratory routes, the disease is not 
produced whereas a mmute amount intranasaUy sets up the mfection 
The mjury is largely a destruction of the typical cfliated columnar 
epithehum which hues the larger respiratory divisions and which the 
virus reaches ordmanly by entry mto the lumen This is the essential 
tissue to which protection must be furnished m order to prevent disease 
When moderate amounts of virus are given mtrapentoneally or mtra- 
venously to mice, virus can be recovered from the lungs but pulmonary 
lesions do not develop This is probably accounted for by the fact that 
the virus is on the wrong side of the susceptible cell and only when it 
floods over mto the upper respiratory tract will it gam access to the 
epithelial hnmg The pneumoma which develops m experimental am- 
mals, while related to the virus mjury, is apparently a lesion secondary 
to epithehal destruction and the subsequent serous exudation 
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The effect of bacteria upon the pathologic process m man is not 
well known since influenza of recent years has not been associated UTth 
a high incidence of complications In several instances, however, ob- 
sen^ers have discovered simultaneous prevalence of influenza A or B 
and hemolytic streptococcal infection without too great evidence of 
symbiotic effect Shope has clearly shown, however, the exaggeration 
of injury produced when swine influenza virus and H influenzae suis 
are given together A mild illness is converted mto a serious disease 
As yet unpublished studies from our laboratory have demonstrated in 
mice that strains of H influenzae, which by themselves are harmless 
mtranasaUy, when given several days after a minimal non-faral virus 
mfection is mduced, can estabhsh themselves, multiply and bnng about 
a lethal result Moreover, it appears that in some instances the virulence 
of the bactenal strain is enhanced 

It IS apparent, however, that the virus is the major component in 
the origin of influenza and the disease which has been studied in man 
has been largely an uncomplicated infection Consequently, much of 
the discussion deals with information gained under these conditions in 
relation to specific cellular injury by the virus 

The Clinical Disease 

Dunng the course of an epidemic of influenza there is a surprising 
degree of uniformity in the clinical picture presented Nevertheless, 
studies of the virus infecnon reveal, as with most diseases, that seventy 
varies from the unrecogmzed subclinical invasion in a relatively large 
proportion of the population to the severe fatal disease in which pul- 
monary involvement is prominent Bur that they represent infection 
by the same virus has been amply demonstrated by the recovery of the 
virus and by a study of the serological responses 

On the basis of studies in the past decade influenza A tends to elicit 
a sharp clinical disease with abrupt onset, fever and pronounced con- 
stitutional symptoms of three to four days’ duration Even in the milder 
cases the course tends to follow the same pattern On the other hand 
several reports have noted that in comparison influenza B has had a 
more gradual onset,^^’^- the disease was less intense and the dura- 
uon of the fever shorter Several of the uniters descnbe the onset as a 
common cold and some obsen’-ers have noted in children, especially, 
almost an absence of significant complaints These impressions arc sub- 
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stanuated to some extent by our expenence ^^nth a group under close 
observation Influenza B occurred m nearly 25 per cent of the popula- 
tion m a large msatution as demonstrated by serological means although 
only 4 chmcal cases were recognized However, the epidemics of 
mfluenza B which were studied in 1936 and 1940 revealed a large body 
of cases with chmcal illness quite typical of epidemic influenza 
Nigg and her associates reported 4 cases of fatal pneumoma dunng a 
limited outbreak of mfluenza B In a prevalence a year ago among a 
group of 100 elderly women, three fatalities occurred out of thirty- 
one cases One pomt noted in the 1936 and subsequent epidemics of 
mfluenza B which differed somewhat from that usually seen m mfluenza 
A IS the not uncommon tendency to nausea and vomitmg 

Further evidence of the chmcal features has been gamed from m- 
fecdon experimentally mduced m human subjects by mhaladon of 
virus It IS quite stnkmg that while signs of parenchymal mvolve- 
ment have been noted m a proportion of cases, pneumonia has been a 
rare complicadon The mcubadon penod with experimental mfluenza A 
has been 24 to 48 hours and the onset abrupt Chills or chillmess, fever, 
cough, headache, general aches and prostradon of two to three days’ 
duradon have been the rule Nasal discharge has been less frequent A 
considerable degree of lassitude follows the declme of fever With 
experimental mfluenza B the mcubadon period has m general been 
shorter, not uncommonly twelve to eighteen hours This bnef mcuba- 
don penod is a stnkmg observadon and that it represents the effect of 
acdve virus is seen by the fact that irradiated matenal does not produce 
chmcal disturbance In addidon, the course of experimental mfluenza B 
has been imlder than that of mfluenza A, fever has usually been of no 
more than one day’s duradon and recovery appears to be more rapid 
Even under these circumstances nausea and vomitmg has been not 
infrequent 

The illnesses produced by these two viruses offer certain contrasts 
with the form of upper respiratory mfecdon most commonly associated 
with atypical pneumoma It is quite certainly not mfluenza A or B 
The onset is usually much more gradual with symptoms of respiratory 
imtadon appeanng early Nasal congesdon, cough, hoarseness, sub- 
stemal soreness tend to develop progressively but the padent does not 
usually present the same degree of prostradon The leukocyte count is 
not so uniformly low While these differences appear to be of minor 
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nature, they tend to be quite prominent when seen m large groups 
In the individual pauent, however, because of the wide vanations 
that may be encountered the difficulty in diagnosis is increased And 
smce many of the symptoms can be found related to the onset of a 
great number of diseases, there is still no simple test which permits a 
prompt diagnosis at a single glance Efforts which seek to find specific 
cimical methods for identifying the vanous etiological entities have 
revealed the probabihty that soil other types of influenza virus will be 
discovered, and that unrelated viruses will be found in some of the 
respiratory infections which at present prevail Xhe importance of 
gaimng this knowledge cannot be overemphasized smce it constitutes 
the information through which specific preventive or curative measures 
can be devised 


Epidemiology 

Just as identification of influenza virus infection serves to chart the 
clinical boundanes so it is a valuable procedure in givmg information 
as to the natural history of the diseases, for in this manner the wander- 
mgs of the virus can be detected even when they are not suspected 
through climcal or epidemiological observation For several years, to- 
gether with other investigators, it was my opinion that influenza A 
was almost exclusively an epidemic disease This was based to a large 
extent upon the fact that the periods in which the virus had been 
shoYvn to be present were occupied by epidemics Moreover, for nearly 
mne months in 1940 a constant sampling of respiratory infections m 
the wards of the Third Medical Division, Bellevue Hospital, was made 
by I J Bnghtman The first case of mfluenza A was identified at the 
end of this period m December when an epidemic began in tlic cit)^ 
There was thus little evidence of scattered sporadic cases 

From the avinter of i932'33 ^vhen the virus was first isolated until 
1 040-41, five outbreaks in alternate years had been identified The 
cycle skipped a beat in i94^'43 and the epidemic appeared last wnrer 
after a three-year inten^al But despite the fact that the usual epidemic 
did nor occur during the wnnter of 194^-43^ influenza A w'as found to c 
m operation In Canada, Hare and others obsert^ed a sudden, self-hmitmg, 

bnef flurry m an Anny group m Apnl W 

group infecdons unrelated to any general mcidencc were detected 
Ling that summer'* In Austraha scattered cases were detected m 
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same months In our studies serological evidence v^as obtamed of three 
possible cases in February and March while m May, 3 defimte cases, 
from one of which virus was recovered, suddenly appeared at an army 
post without any evidence before or after of an epidemic prevalence 
It was not until early November that epidemic disease became obvious 
These observations covermg wide geographic areas at the same tune 
mtervals clearly show that influenza does appear m sporadic fashion 
and It IS not an unhkely probability that these episodes represented the 
stones from which the 1943-44 epidemic was built 

It has been observed that epidemics vary quite defimtely m their 
scope and mtensity For mstance, the outbreak of 1936-37, occurring 
the world over, was moderately severe and distnbuted generally 
throughout the population, while that of 1938 to 1939 represented a 
mild form recognized largely m mstitutional groups The same char- 
actensucs were observed m other countnes that year Hence, influenza 
A has been shown to change the pattern of its infection widely 
pandemic, epidemic, endemic or sporadic It is extremely mterestmg 
to pomt out, however, that the form it takes at a given tune tends to 
typify Its behavior at widely distant pomts 

The smouldermg scattered distnbuaon recently detected with m- 
fluenza A, seems to be the more common experience with influenza B 
In most accounts of the past three years there has been reference to 
influenza B scattermg through the population without defimte mdica- 
tion of an epidemic unless it be m a limited group It has 

been repeatedly mentioned that many cases of unidentified illness oc- 
curred at the same tune as the cases of influenza B Observations of the 
distribution of antibodies to influenza B m the population are m accord 
with this One senes, as yet unpublished, found much lower titers 
against B than with A but an occasional mdividual exhibited a high 
nter suggestmg recent infection Nevertheless, mfluenza B can cause 
widespread marked epidemics such as were observed m 1936 and 1940 
Hence, the pattern m influenza B is also mconstant 

The above observations tend to mdicate that the mfluenza viruses 
are m constant cuculanon Evidence for human earners of the viruses 
IS, however, not present Shope has suggested that swme influenza virus 
represents the 1918 human stram®° and he has observed swme mfecnon 
with more recent strams of Type A virus Can swme serve as a reser- 
voir for the human disease^ Shope has also presented evidence that 
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swme influenza virus is maintained in a masked form m the lung worms 
parasiazing svnne from which it erupts when provoking influences dis- 
turb the equiJibnum This would account for the storage of virus 
between epidemics and the explosive manner in which many of them 
arise The possibility that some similar mechanism senses to preserve 
the agent m the human body has not been explored Nevertheless, there 
IS ample evidence that influenza can be transmitted from man to man 
and at the moment this seems to fit best the facts concerning the spread 
of the disease 


Efforts Toward Prei'Ention 

The foregoing remarks immediately illustrate certain of the prob- 
lems which enter into prevention of influenza But it may limit some 
of the obscunties if we take as a starting point the thesis that the essen- 
tial requirement of prevenuve measures is to prevent the virus from 
reachmg the susceptible respiratory epithelium in such a form as to 
mflict Its charactenstic injury Studies over several years have shown 
that the respiratory secretions contain antibodies to influenza virus, 
apparently derived from the blood, which may represent the most 
efficient first Ime of defense since when present they are readily avail- 
able to the tissues which they bathe They are not constantly pres- 
ent, however, nor are they present in large amounts Nevertheless, it 
seems that procedures which augment this mechanism may well be 
effective in procuring protection from the disease It has been found 
that m recover)^ from natural infection the protective capacity of the 
nasal secretions is enhanced but there is as yet inadequate information 
as to how long immunity persists Indications are that it is much longer 
than IS ordinanly said to be the case, probably for a period of years 
agamst the same virus Nevertheless, if infection be induced by a virus 
so attenuated as to avoid chmcal injur)'' it might be applied as needed 
and build up, through subchnical infection, a relativel}^ durable re- 
sistance Certain reports by Bull and Burnet^” have yielded results which 
they considered suggestive but in our studies under a vanety of condi- 
tions the response to avirulent strains has been too irregular for wide- 
spread tesang"'” In one investigation indniduals who had developed 
clinical disease after inhalanon of influenza virus. Type B, were sub- 
jected to the same procedure with the same virus 4 months later 
About one-third again reacted uith uell marked clinical disease, clearly 
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indicating that a sohd immunity had not persisted for this mterval 
agamst the amounts of virus employed m the test The severity of the 
test IS emphasized by the fact that nineteen of twenty-three control 
mdividuals came down at the same tune The possibihties along this 
hne have certamly not been exhausted and there are soil many reasons 
for further mvesdgations of immunization by inhalation 

The most widely studied method for attemptmg to mcrease im- 
mumty has been that of subcutaneous vaccmation It was stated earher 
that subcutaneous moculation of active virus does not produce infec- 
tion In animals it can be shown, however, to result m the production 
of protective antibodies and of resistance It has been shown also that 
with proper subcutaneous vaccmation the virus-inactivatmg capacity 
of the nasal secretions is also enhanced A number of studies usmg 
preparations of virus derived from mouse lung, tissue culture, chick 
embryo or allantoic flmd have been tested In many mstances 

no disease arose to test the result, in others suggestive results have been 
obtamed 

In the wmter of 1942-43 under the auspices of the Commission on 
Influenza, Army Epidemiological Board, 8,000 people m two institu- 
tions were mcluded in a vaccmation study which employed inactive 
virus concentrated from allantoic fluid Studies of the antibody titers 
before and after vaccmation m 419 of the 4,000 vaccmated mdividuals 
revealed that over 90 per cent showed a sharp mcrease m two weeks 
Studies m a smaller group, over a longer penod of time, mdicated that 
a shght dechne had occurred after 4 months, and at the end of one 
year the distnbution of antibody titers remamed well above that before 
vaccmation “ 

No recognizable epidemic occurred durmg the wmter immediately 
followmg vaccmation In an effort to gam information as to what 
benefit had been attamed two groups of approximately 100 mdividuals 
each were tested for resistance to infection by mtranasal mhalation 
with Type A and Type B viruses, respectively 

The results mdicated that vaccmation two to four weeks before 
infection had a pronounced effect The mfluence of vaccmation agamst 
influenza B'*^ appeared to persist durmg a 4 months’ mterval while 
agamst mfluenza A this was less evident^” 

Durmg the epidemic of mfluenza A which occurred m the wmter of 
1943-44 distnbuaon of disease m this population might be con- 
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stxued to indicate a persistence of benefit gamed from vaccination a 
year earber 

On the basis of the experimental studies just detailed an extensive 
program for the wmter of 1943-44 was planned and earned through 
by members of the Commission on Influenza m an effort to evaluate 
the effectiveness of vaccmation against the natural disease Results of 
previous field trials by other mvesogators suggested that vaccmation 
had a beneficial effect, although the degree of reduction m incidence 
of disease m vacemated as compared with control mdividuals was not 
sufficiently great to warrant, without further study, the use of this 
procedure on a wide scale 

The study of last wmter, representing the coordinated efforts of 
members of die Influenza Commission and their associates in six labora- 
tories m different parts of the country, was conducted m A S T P units 
at eight colleges and umversities and in five New York medical and 
dental schools Approximately 1 2,500 men were involved 

In New York City two studies were organized, one from the 
laboratories of the International Health Division of the Rockefeller 
Foundation, by George K Hirst, Major Norman Plummer and AVilliam 
Fnedewald workmg m the A S T P umts at the College of the City of 
New York, Pnneeton University and Rutgers Umversity, the other, 
ongmatmg from the laboratones of Cornell Aledical College, was ear- 
ned out at the five New York medical and dental colleges and at 
Cornell Umversity m Ithaca by Major Norman Plummer, Thomas P 
Magill and Wilson G Smilhe Rickard and his associates earned out a 
study at the Umversity of Minnesota, Hale at the Umversity of Iowa, 
Eaton and Meiklejohn at the Umversity of California and a similar 
program was conducted from our laborator)^ at the Umversity of 


Michigan 

The same preparation of vaceme was used by all investigators 
Virus for the vaceme was grown in chick embrjros and harvested and 
concentrated from the extra-embr^mme fluids The viruses of influenza 
A and B were included in the vaceme and were rendered non-infcctious 
by the addition of formalin Alternate men in each company were given 
aLgle, subcutaneous injection of i cc of either the virus vaccine or 

control material r , 

In seven of the mne units, the interval between completion of i - 

cmation and onset of the epidemic of influenza A vaned from seien 




Influenza Methods of Study cmd Control 


349 


thirty-one days In two units, City College of New York and the Uni- 
versity of Iowa, vaccination was begun after onset of the outbreak 

The incidence of chnical influenza m the vaccinated group com- 
prising 6,263 ^ ^ ^ ^he control group of 6,211 

the incidence was 7 i per cent In almost aU locahties the trend was 
the same Marked deviation from the average result was observed m 
only one umt where little difference between vaccmated and controls 
was evident In the majonty of umts three to four times as many cases 
occurred in the controls as in the vaccinated groups In two umts, 
ratios of five and six to one were recorded The factors responsible for 
these vanations are not yet understood but may become apparent after 
analyses of the results are completed 

From the combined results of the study m all umts, it would appear 
that vaccination was effecave m reducmg the incidence of influenza 
to about one-fourth, assummg that the mcidence of 7 i per cent ob- 
served m the control group was the expected incidence m a normal 
population That this assumption may not be justifiable is suggested 
by observations made m totally unvaccmated compames at the Umver- 
sity of Michigan where the mcidence of influenza was about 20 per 
cent to 30 per cent as opposed to 8 per cent to 9 per cent m the control 
half of the vaccination study groups If these differences are significant, 
It suggests that vaccmation was of benefit to a proportion of the con- 
trols by virtue of their dilution with an equal number of vaccmated 
men vath whom they were m constant association The effect of vac- 
cmation m reducmg the mcidence of mfluenza may be greater than is 
indicated by comparmg vaccmated and control subjects m a smgle 
homogeneous population This may be another example of a funda- 
mental epidemiological prmciple that has found apphcation m the con- 
trol of diphtheria and other epidemic diseases 

At City College of New York and the Umversity of Iowa, where 
vaccmation was begun whde the epidemic was m progress, the mor- 
bidity rates were the same m treated and untreated groups, until the 
end of the first week after vaccmation Thereafter the difference be- 
came evident 

At the Umversity of A'lichigan, during the prevalence of mfluenza 
A, an attempt M^as made to determme the effect of vaccmation upon 
the mcidence of the milder forms of respiratory illnesses unaccompamed 
by fever All cases ^vlth symptoms of respirator^'' disease reporting to 
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Sick call were studied Those Muth temperatures of i oo° or more "were 
hospitalized while those who exhibited no significant febrile reactions 
were seen almost daily in the dispensarj’' until symptoms subsided The 
great majority of hospitalized cases was diagnosed as influenza Tliat a 
high percentage of these was due to the virus of influenza A was con- 
firmed serologically m about 90 per cent of the unvacemated group 
The afebrile illnesses studied m the dispensary were classified as mflu- 
enza, local respiratory infection, or cold, depending upon the chmeal 
impression Except for the absence of significant fever, patients with 
influenza seen m the dispensary presented essentially the same syndrome 
as did the hospitalized cases That the virus of influenza A was etio- 
logically related to the illnesses observed m the majonty was demon- 
strated by appropriate laboratory tests In the group of cases diagnosed 
as “local respnatory infecaons,” symptoms were confined to the res- 
piratory tract and there were signs suggesting localized infection, such 
as sinusitis, pharyngitis, etc The colds consisted of cases in vhich the 
presentmg and predominant symptoms were those of rhmins 

A division between vacemated and controls witliin each diagnostic 
category reveals mteresting variations Of the hospitalized influenzas, 
the greater proportion were contributed by unvaccinated persons, while 
of the milder cases, such as ordmarily would not come to the attention 
of physicians m civihan practice, the differential was less marked Thus, 
while the incidence of influenza of all degrees of severity was less in 
the vacemated half of the population, in a significant proportion of 
those m vflom infection did occur vaccination appears to have reduced 
the seventy of illness 

The fact that no significant difference is apparent in the incidence 
of cases diagnosed as local respiratory infections and colds m vaccinated 
and controls, suggests that the vaccine had a rather specific effect 
However, serological study mdicates that, durmg the height of the 
outbreak, a number of these cases probably were mild infections caused 
by the influenza virus It would appear that control and vaccinated 
individuals conmbuted equaUy to the mcidence of respiratoty illness 
wnth the mildest mamfestaaons 

A pomt of mterest noted m all study groups was that the difference 
m incidence of influenza m treated and control groups was greatest 
during the height of the outbreak, and as the epidemic subsided the 
difference beween the nvo became less marked 
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Results of this set of studies represent for the first time a clearcut 
demonstration that vaccmation with inactivated virus by the subcu- 
taneous route IS capable of protecting to a. significant degree agamst 
natural epidemics of mfluenza They do not mdicate, however, that 
the solution is complete There is stiU need for the evaluation of the 
most effective strains to be employed so as to give the widest range of 
immumty, there is the question of the optimal amount of virus which 
can be used, beyond a certam pomt the possibihty of to\ic reactions 
enters, how long does the immumty last and can it be bolstered by 
mulaple rather than smgle doses, what methods of production of ma- 
tenal or even of immunization are to be the most practicable^ But above 
all the problems of techmque, it must be kept m mind that it is the pro- 
duction of immumty, not the production of virus, with which we are 
ulnmately concerned It is also important to bear in rmnd that the 
presence of antibodies and immumty are not synonymous, especially 
m the human mdividual where a ceihng on anabodies seems to e\ist 
Passive hwmimty The prophylactic approaches which have been 
discussed are those which tend to mduce acave immumty by modified 
infection with active virus or vaccmation ^vlth macDve matenal In 
both these mstances it has been suggested that the effect obtained may 
reside largely m the influence upon secretions of the respiratory tract 
If the superficial cells hmng the air passages represent the vulnerable 
tissues, rmght it not be possible to protect them by applying immune 
substances directly at the surface^ In other words, the action of the 
secretions might be augmented by antibodies mtroduced directly bv 
the respiratory route Smorodmtsev and his associates'^® were the first 
to report efforts to study this possibihty in the human subject They 
subsequently stated that by spraymg relatively small amounts of serum 
which V ere mhaled by the exposed subject, a marked reducaon in the 
mcidence of the disease during an epidemic ivas obtamed 

Studies m experimental ammals, largely mice, have repeatedly m- 
dicated that serum given mtranasally has far greater efficacy than when 
given by other routes In spraymg for prophylactic purposes, however. 
It should be noted that excessive amounts of serum over long periods of 
time have been required to permit any significant results to be obsen’^ed 
On this basis alone one rmght have certam resen'^ations as to the appli- 
cabiht}’- to the problem of human influenza In an effort to gam an 
impression of its usefulness, studies among human volunteers were car- 
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ned out by members of the Influenza Commission Serum \vas tested 
for Its capacity to prevent mfecnon by virus sprayed mto the nostrils 
Details of these studies have not yet been reported but it can be men- 
tioned that substantiation of the statement of the Russian workers was 
not mdicated 

This lecture has touched rather broadly on a wide variety of meth- 
ods of study which have been employed during the past ten years in 
the mvestigations of influenza It has been seen that knowledge of the 
viruses, the diseases they produce, and their distribution in nature, have 
been approached directly It has become mcreasmgly apparent as well 
that in order to determme the value of procedures which might serve 
m the prevention and control of the human disease informaDon must 
be obtamed m human subjects In this respect somewhat venturesome 
utilization of the human volunteer has been most profitable, smce it 
permits evaluation of the different proposals in the host concerned 
Whether one can consider the experimentally mduced infection stnctly 
comparable to the natural disease is not a question, but it does furnish 
a procedure for mvesogaaon At the moment, the procedure which 
has given the most defimte evidence of hmiong susceptibihty to in- 
fluenza has been subcutaneous vaccination We have indicated, how- 
ever, that much remains to be done 
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concepts which we shall discuss represent the com- 
bined efforts of several workers who have been with 
one of us (P K O ) m his laboratory over a period of 
many years This work, although carried out in col- 
iS laboration %vith different associates** at different tunes, 
has a thread of continuity which makes it possible to review it as a 
whole 

In the early days of virus research, not so many years ago, the facts 
of mimumty were held either as strange or mysterious, or as unaccount- 
able In the hght of investigation the air of mystery cleared and it is 
now known that serological and immunological processes in virus in- 
fections are a counterpart of those characterizing microbic or bio- 
logical agents Serum antibody such as agglutimn, precipitin and 
complement-fixmg and neutrahzmg, can be elicited the statement that 
virus infecnons are followed by a lastmg immumty to reinfection has 
many exceptions— repeated or second attacks of common cold, herpes, 
mffuenza, foot-and-mouth disease, phlebotomus fever, poliomyelitis and 
other virus diseases are recorded— and the dictum that only acm e virus 
can induce pracncal aenve immunity has had no general application 
The serological and immunological phenomena were simply obscured 
by the nature of the infective agent— its size, non-culuvabilits’^ m vitro^ 
Its acaon as an obligate intracellular parasite, or other factors, but once 
proper techmques were used, the hidden facts became revealed At the 
present time one is not so much concerned MTth the nature of virus 
mimunolog>^ as distinct from that of other biological agents, but rather 
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with the mechanisms underlymg immunity and resistance, or more 
properly, with those of a host’s suscepnbihty to infection 

The general field in which mvestigations were earned out here is 
in tliat of (i) variations in individual host susceptibility which may 
reflect genetic, maturation or other physiological factors— the so-called 
“natural resistance”— and (2) mdividual variations in hosts of uniform 
primary susceptibility to a virus as studied in experimental ammals, the 
variations bemg developed either as a result of pnor exposure to the 
virus or of nonspecific factors * The particular problems included the 
mfluence of age on susceptibihty to infection, the so-called persistence 
immunity, the correlation between neutrahzmg antibody and immumty, 
certain nonspecific factors of resistance, the nature of the virus neu- 
tralization test, comparative immunization by means of active and of m- 
activated viruses, and passive immunizanon, including its use m therapy 
One IS immediately impressed with the significance and importance 
of the knowledge of the pathogenesis of an infection for a profitable 
study of the prmciples of immunological phenomena Thus of a malady 
under mvestigation, whether naturally occurrmg or experimentally in- 
duced, one should know as far as it is possible, the route by which the 
virus enters the body, whence it progresses from this point, the tissues 
in which It then resides or multiplies, the lesions it produces and, after 
the illness, the way by which the mcitant leaves the body, or possibly, 
how and where it persists For every topic on immunology m each of 
the following sections here discussed, the importance of pathogenesis 
IS stressed 

The first of the subjects is on the variations in individual host sus- 
ceptibility which are brought about Avith age 

The Influence of Increasing Age on Susceptibility 

AND ON THE IaIMUNE RESPONSE 

That age of an animal is a factor in determimng the degree of im- 
mune response to bactenal and protein antigens has long been known 
In this laboratory interest was aroused m the problem when it was 
observed that only infant, but not adult mice succumbed to intrapen- 
toneal injection of vesicular stomatitis virus^ and again, by the fact that 

■* Susceptibility or insusceptibility is used in a relative not absolute, sense for the same host can 
be susceptible to a virus given in the brain but fails to respond when the virus is introduced into 
the skin The degree to which resistance or immunity is lowered would determine susceptibility, 
and the degree to which either is raised insusceptibility 
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young animals of other species also could be attacked by this and by 
vanous other neurotropic A^iruses given by different peripheral routes “ 
Whatever may be the mechanism underlying the vanauons in host 
suscepobihty which develops with age, it is of considerable interest For 
It is m part the causal factor m producing the diffenng types of infec- 
tion, from the mapparent or latent (or perhaps no infection at all on 
exposure) to fulrmnatmg lethal disease For example, the age factor 
may be important epidemiologically m influencmg the epidemic distri- 
bution m certain age groups in a population as occurs m pohomyehds 
In this laboratory studies were earned out on a development, pm 
passu with mcreasmg age, a) of pre-existing “barners” m nervous (and 
non-nervous) tissues, and b) of an enhanced immune response (serum 
neutralizmg antibody plus immumty to a challenge dose of virus) 

Bamers The assumption here is that host msuscepobility depends 
on the changes, not as yet completely defined, developing with increas- 
mg age m specific tissues which he m the path of progression of a speci- 
fic neurotropic virus In such tissue virus does not muloply and its 
progression through and beyond that tissue is thus hindered 

To repeat, knowledge of the precise pathogenesis of the disease 
mduced by the virus under study is essential smee the bamers as de- 
fined are anatomical Thus it happens that after penpheral moculation 
of young mice, the pathway of the stomatitis virus (determined by his- 
tology and by submoculation of tissue) is m a closed system— axonal, 
neuronal and trans-synaptic— from the penpheral portal to the central 
nervous system, attack on the latter leading as a rule to fatal encephali- 
tis In old mice the virus progresses from the pomt of entry only to a 
certam site, the bamer, beyond which the animal is apparently unaf- 
fected, It therefore survives ivithout showmg signs of disease After 
mtracerebral moculation of the virus m young or old mice, however, 
the virus is placed on the other side of the bamer, mto susceptible ns- 
sue, then it progresses \videly and at random throughout the CNS 
In this way the pathogenesis of the disease and the spread of virus 
from penpher>>- to CNS for different species of animals and of viruses 
were determmed^ ® and the sites of the bamers mapped Tlie latter in 
resistant, older mice were located after intraocular exposure, in the 
retma, after mtramuscular, the muscle or myoneural junction, and after 
intranasal instillation, the antenor olfactory" area of the brain In old 
guinea pigs after intramuscular or pad moculation, the site was found 
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at the myoneural juncDon or specialized nerve endmgs and after mtra- 
nasal msttUation, between the nasal mucosa and the olfactory bulbs 
For Eastern and Western equine viruses m resistant older mice and 
gumea pigs the barrier was located in the blood vessels ^ ® 

What are the grounds for the concept that adult tissue— the barrier 
—does not support multiplication of virus, rather than that the virus is 
stopped in its pathway owmg to a generalized immune response^ It 
v^as sho^vn that vesicular stomauGs virus mjected mtramuscularly in 
young mice muluphes acuvely m the muscles, m old ones no such local 
mulophcaaon occurs and even though virus persists there it mvades 
neither the sciatic nen'^e nor the CNS— the pathway of the virus m the 
young ^ It IS of mterest, however, that although old mice are msuscept- 
ible to intramuscular inoculation they are snll suscepoble when the 
muscle barner is surmounted by introducing virus into the sciaac nen'^e 
whence it progresses to the CNS bringing about fatal ascendmg myelitts 
and encephahas Again, lack of any appreciable quantity of circulaung 
virus in intraperitoneally injected adults® (when viremia is the rule in 
the young) may be knked vath the msusceptibihty of peritoneum, since 
the adult CNS is fully susceptible to infecaon Moreover, young, actively 
muluplying (metabolizmg^) tissue is generally more responsive to many 
viruses and also to tumors (Rivers, Friedewald and Kidd) Also, chick 
embryos are readily infected by many viruses m contrast to chicks 
after hatching which become insuscepGble to the same mcitants ^ One 
can conclude, therefore, that with age non-nervous tissue— the “peri- 
pheral organism”— becomes mcreasingly resistant to virus 

Inwmne Response Seen from another view® age is a factor m de- 
temunmg m the expenmental animal its immune response (production 
of neutralizmg antibody plus immunity to a challenge dose of virus) 
Even though young and old are equally suscepuble to equine encephalo- 
myelitis virus introduced into nervous tissue,^® the response of infant 
nuce to immunization with active or with macnvated virus is slow and 
feeble, of older ones, rapid and strong, when the challenge dose of 
virus IS introduced evtraneurally The difference in response may ac- 
count therefore for the mcreasmg insuscepubihty to infecGon develop- 
ing Muth age 

The Correlation of Antibody wth Immunity to Reinfection 
In an elaboranon on the role of neutralizmg antibody in experi- 
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mental eqmne virus infection it was found" that durmg active immuni- 
zation much less antibody is correlated with immunity to peripheral 
than to mtracerebral admmistration of a challenge dose of virus The 
difference m pathogenesis of the mfecnon progressing from these two 
Sites of mjection should^’"*" be borne in mind As described, after peri- 
pheral moculation mto normal young mice the virus reaches the CNS 
via the blood, mto vaccmated ones, no virus is detected m the blood— 
It IS neutralized before it can get to the suscepable CNS tissue, after 
intracerebral inoculation, virus is placed m direct contact with suscept- 
ible tissue and the antibody m the blood is therefore of no immediate 
significance One can therefore picture the susceptible cell in the CNS 
as bemg bathed not by the circulatmg blood but by interstitial fluid, 
that Its protection would depend on the concentration of neutrahzmg 
antibody m this fluid or, m other words, on the availability of antibody 
to the cell The foUowmg elucidates this pomt 

It was shown’-^^" that the neutralizmg capacity of serum and of 
spmal fluid of rabbits vaccmated with equine virus paralleled each other 
at a ratio of the order of 300 i— )ust as has been reported for a bacterial 
antigen by Freund That is, when serum dilution of about i 300 or 
higher neutralizes virus one can then expect the spmal fluid (also 
blood-free bram tissue) of a rabbit to contam demonstrable antibody 
and the animal can then survive an mtracerebral test moculation of large 
doses When, however, this serum titer is not reached, no antibody is 
detectable m the spmal fimd and the rabbit succumbs to infection The 
results would suggest therefore that the immunity of the CNS is de- 
pendent on the concentration of antibody available to that particular 
tissue (cf Fox, m yellow fever of mice) 

The factor of availabihty of antibody to particular tissues applies, 
of course, to other viruses as well In foot-and-mouth disease^"^ large 
doses of antiserum given subcutaneously fail to arrest vesicle formation 
at the site of plantar moculation of virus but a certain amount of 
serum, dependmg on its potency, prevents generalization of lesions 
(Waldmann and Pape, cf also Francis’ work on mfluenza) In such 
animals m which a high level of antibody is induced by means of for- 
molized vaccmes, even the local lesions can be prevented (Bedson ct al ) 
In a practical sense the studies on the correlation of antibody to 
immumty offer an indicator of the possible effectiveness of a vaccine 
an adequate level of induced serum antibody is associated with immun- 
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ity to infection by penpheral route The goal m vaccination would 
therefore be production of a proper level of serum antibody 

The Neutralization Test 

By means of a neutralization test one can determme the presence 
either of a virus or its specific antibody dependmg on which of the 
matenals is designated the unknown It is usually performed by addmg 
fluid containing suspected antibody to suspensions harbormg virus and 
after varymg penods of contact mjecang the mixture, properly con- 
trolled, by a specified route 

It IS an important test for it is used ordmarily to detect the preva- 
lence of a disease, or the geographical dissemmaaon of a virus or as a 
method of immunological study It is therefore natural to seek out the 
variables of the test, to increase its dehcacy and its precision and to 
study Its mechamsm 

Earher observers mamtamed that the correlation, mentioned in the 
preceding section, between serum neutrahzmg capacity and the degree 
of immumty, did not exist 

The neutralizaaon test is ordmarily carried out usmg undiluted 
serum plus vurus dilution In certam circumstances it is important to 
employ serum dilutions plus a constant amount of virus m order to 
reveal the true picture By means of the descnbed “dilution” 
tests®’^^ a correlaaon can be deduced between the neutralizing 

capacity of serum antibody and immunity to test doses given either by 
way of the brain or extraneuraUy 

It was furthermore demonstrated^’’ that a ddference exists m the 
protective capacities of antisera to the equme viruses which depends 
on the route of injection of mixtures, for example, whether m mice the 
route IS cerebral or penpheral (pentoneal, muscular) The former 
method shows 100 or even 10,000 tunes less neutrahzmg capacity than 
the latter, “penpheral,” procedure with the identical test matenals 
Studies are now bemg earned out which pomt to the avaflabflity of 
complement m the local, extraneural, tissues for completion of neutrah- 
zation as one of the mechanisms possibly underlymg the enhanced 
penpheral neutrahzauon 

The neutrahzmg capacity of a given antiserum to the Western 
equme virus vanes also accordmg to other conditions of the test, as 
for example, use of fresh, frozen, stored or heated serum and mcubation 
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of serum-vinis mixtures before mjection To conclude from the results 
of extensive investigations,^® it would seem that complement or a 
virus-inhibitmg factor, plays at least some part in the neutralization of 
the equine vuns by its antiserum, just as either may be the key to the 
solution of the problem of greater capacity for virus neutralization by 
certain routes of injection What particular substance may be involved 
IS still under study and present mvestigations mclude connection of 
vmis-inhibitmg substance not only with serum-virus relationships but 
also with immumty m general * 

Active and Passive Immunization 

IvmmnizaUon nmth Active and Inactivated Viruses The virus of 
eqmne encephalomyehus, macovated especially by means of formalm 
and m sufficient dosage can reproduce the anagemcity of active virus, 
as shown by the development of neutrahzmg antibody and by resistance 
to test moculation of virus For example, imce vaccmated with for- 
mohzed virus develop at 2 weeks fuUy as high a concentration of serum 
neutrahzmg antibody as do mice vaccmated with acove virus The con- 
centraaon falls m both groups durmg the following 6 months and at 
the end of that tune is mcreased markedly by a smgle dose of active or 
mactivated virus So also a similar cun^e can be shown for the immun- 
ity developing to test doses of virus mtroduced mto the brain More- 
over, an immumty can be induced m mice and gumea pigs with vac- 
cmes in which no infective agent could be demonstrated by tests made 
as rigid as possible®® Elaborate tests were made, for the absence of 
mulaplymg virus is a crucial pomt in the problem of “persistence” im- 
mumty to be discussed later Can a minute amount of active virue (less 
than one mfective umt) residual m a vaccine and escaping detection, 
immunize an animaP It was found by test that ^'^•®® such an amount is 
meffective, mdeed, a relanvely large dose of acnve virus is needed for 
successful immunization of normal animals 

Another pomt of practical significance is that vaccines, to be potent 
for immunization, should contain a high concentration of virus before 
inactivation®® For the equine virus, the potency of vaccines depends 
on Its use m undiluted state, the immunizing power falls even to its 
complete exancoon when it is diluted i 10 or higher The lack of 

♦ An znterestiDS development dunng these studies was that the equine virus antibody was rewered 
after electrophoresis, from the gamma globulin and from the albumin of rabbit antiserum 
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sufficient quantity of antigen may also be one of the reasons for the 
difficulty of immunization with pohomyehtis virus “ 

Still another practical development is m the use of mouse bram as 
a source of the equme virus vaccme It was pomted out^^ that it can 
replace to advantage mfected horse bram which was first used by Sha- 
han and Giltner Intensive study revealed its effectiveness although 
chick embryo vaccmes have m time supplemented other preparations 
chiefly for practical reasons (expense and ease of preparaaon) At pres- 
ent mouse bram vaccmes have been recommended for preventive use 
m experimental St Louis and Japanese B encephahtis and m man m 
Russian tickbome encephahtis 

Fmally, instead of formalm as an mactivatmg agent for preparation 
of antigens for immunization or other purposes, ultraviolet radiation 
can be used The antigemcity of such virus rapidly dimmishes, how- 
ever, with further irradiation— an effect which stands m the way of its 
pracncal use, an objection applymg also to certam other viruses 

With respect to immunization with active virus, early mvestigations 
(1925-1928) have mdicated that for vesicular stomatitis virus^® and for 
foot-and-mouth disease virus, injection into the skin m sites other 
than the pads of the feet ,of gmnea' pigs (m which the viruses cause 
local vesicular lesions) is followed by an absence of any visible local 
lesion or of any objectively obvious sign of lUness Yet the viruses 
become generalized through the circulaGon and mduce after a smgle 
sufficient dose a high degree of immumty to remoculanon m the pads 
(v supra) It was later found by others that this method can be apphed 
m prevenGon of certam other virus maladies * 

Pas^ve Ivnmmtty Of the more pracGcal studies m this field as ear- 
ned out here and to be discussed now are a) blockmg effect of anG- 
serum on anGgemcity of acGve and macGvated virus, b) use of anG- 
serum m nasal seroprophylaxis and c) experimental serotherapy 

InvesGgaGons on the effect of immune serum on the anGgemcity 
of acGve and macGvated equme virus demonstrated that the anGgem- 
city of both can be blocked and to the same extent by adequate amount 
of antiserum A discussion of the raGonale will be passed by, but this 
can be stressed the failure of vaccmes to bnng about immumty when 

* By constant association with active equine virus over long periods of time serum neutralizing anti 
body may be produced to an appreciable degree as occurred m a laboratory worker exposed to the 
virus for about 6 years ^ Such probable inapparent infections followed by production of antibody 
have been shown later to arise not infrequentiy in areas where the virus is disseminated and ite 
vector abounds (Howitt Hammon) 
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they are injected along with, or some short time after antiserum— a pro- 
cedure used now and again m practice— is based on this blocking effect 

Nasal msallation of antiserum as a preventive of infection was stud- 
ied with viruses progressing along the nasal pathway, and it u^as shown-® 
that the method was effective to a certain degree against experimental 
pseudorabies and Eastern equine virus infections When antiserum was 
msalled as a single dose intranasally in guinea pigs, they were protected 
against lethal infection with the viruses given by way of the nose The 
protection was evident from the time of serum instillanon until at least 
5 but not 24 hours later This type of passive immunization has recently 
received renewed impetus from the work of Professor Smorodintsev of 
Moscow and his colleagues on similar successful prevention of influenza 
m man TTie rationale of the preventive effect may he in the fact that 
a sufficient amount of neutralizmg antibody is made available locally 
to susceptible tissues or at the portal of virus entry 

Serotherapy of expenmental Western eqmne virus infection in 
guinea pigs is effective if antiserum is given m smgle or multiple doses 
24-48 hours after virus inoculation (cf Zichis and Shaughnessy) , it is 
meffective if treatment is begun after onset of defimte signs of encephal- 
itis It would thus seem, if sufficient annserum can be adnumstered m 
such mstances as m laboratory infections in which exposure to virus 
can be ascertained and even prodromal signs noted, that a hopeful out- 
come may be expected m an otherwise highly fatal mfection 

An interesting side effect was observed dunng the tests on sero- 
therapy Several serum-treated animals developed encephalitis after 
unusually prolonged incubation penods (13 to 47 days) The “delayed 
reactions” arose when serum-antibody had fallen to a low Qter but was 
still demonstrable The virus probably persisted in the CNS through- 
out this long period since it could be neutralized by serum-antibody if 
It progressed from an extraneural portal to the CNS The delayed reac- 
tion, which further limits the use of serotherapy, occurs therefore 
when a low serum antibody titer is reached, uffien antibody content 
of the CNS becomes meffective to prevent virus from passing to and 
mfectmg other cells 

“Persistence Immunity” 

An exciang hypothesis to account for the endunng immunity which 
follows certam virus infections is that it is correlated with the per- 
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sistence of virus in the host tissues, commonly called “persistence im- 
mumty ” If the correlation is to stand, the negauve must be true the 
host becomes susceptible to infection once the virus leaves him The 
proposition, stated perhaps for the first time m 1887 by L Pfeiffer, who 
suggested chiefly on the basis of clmical observation that a man is im- 
mune to smallpox as long as he carnes the virus, has been the subject 
for study m this laboratory for many years 

Among the many reasons offered for acceptmg the hypothesis are 
several cogent ones (i) Virus neutrahzmg antibody has been shown 
to persist for a hfe time m certam infections characterized by lasting 
immumty Satvyer states that serum antibody was found 75 or 78 years 
after an attack of yellow fever Smce antibody is produced as a reac- 
tion to specific antigen (virus) it is assumed that the latter must be 
present all that time to offer the stimulus although Sawyer declares that 
with time the antibody may m exceptional instances become undetect- 
able and It IS unknown whether “immumty could ever fall so far as to 
permit a second attack of yellow fever ” In other words, tissue im- 
mumty to reinfection may be a more sensitive test of the immune state 
than IS circulating, neutralizing antibody®’®^ (2) For those infections 
followed by a temporary immumty, the proponents of the persistence 
hypothesis postulate that the virus attacks, and may persist m suscept- 
ible tissue that is superficial and is thus shed, along with the contained 
virus, withm a short time— as possibly m influenza and common colds 
(3) Immunization with active virus produces generally durable and 
sohd immumty (4) In such experiments earned out m immune hosts 
in whom search for virus failed, it is assumed that the failure offers no 
evidence that the host is virus free, only that the proper experimental 
procedure is not or cannot be apphed (5) Virus can persist m immune 
earners even though they possess a good amount of neutrahzmg anti- 
body, It IS conjectured that the virus resides withm the host’s cells 
If so this mtraceUular position affords the virus protection from the 
antibody (Rous and Jones and others) (6) A significant test with a 
plant virus as reported by Kunkel is contnbutory evidence for persist- 
ence immunity The yellows virus can be inactivated at 38-42 °C mam- 
tamed for 2 weeks, which spares the plant (here the penwmkle) The 
cured plant can then be re-mfected, as if it were normal, it can thus be 
infected and cured as often as desired 

Are all the correlations as just stated m this relatively simple propo- 
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siUon of enduring immunity bemg dependent on persistence of virus, 
purely accidental or fortmtous as some would beheve^ 

In early experiments^" vaccme virus was recovered from the tissues 
of an immune rabbit 114 days after moculanon of virus Later Dresel 
showed that m similarly tested rabbits virus was recoverable up to but 
not beyond 8 months after moculanon, although immumty endured at 
least a year The subject was studied here anew®^ and it was found that 
the immune state (1 e presence of agglunmn and neutralizing annbody 
plus immumty to remoculanon of virus) was evident 2 or 3 years after 
mfecnon, at a tune when the animals were showmg signs of old age 
But no virus could then be detected Vaccmal immumty therefore lasted 
beyond the persistence of recoverable virus It should be stressed that 
the absence may also mean that the quantity of virus is so reduced m 
the ussues that a single infecnve unit is difficult to isolate Moreover, 
not aU tissues were tested, and finally, the virus if masked by anti- 
body would be undetectable by the available methods 

Virus has also been ob tamed m well and presumably immune animals 
withm about 3-4 weeks of convalescence from expenmental infection 
(foot-and-mouth disease, poliomyelitis m the monkey®'*) These posi- 
tive results were however exceptional m foot-and-mouth disease 20 ad- 
ditional cattle exammed 20-176 days after expenmental infection were 
negative** and m pohomyehtis, additional studies®® showed that the virus 
rapidly disappeared (withm a few hours) from the tissues of immune 
animals Agam, m recent tests with the Western equine virus,®® the 
latter was found at 28 but not at 72 hours m the CNS after its injection 
mto immunized animals 

Furthermore, as opposed to the hypothesis, and placed against item 
3 cited above (active virus mjection produces sohd and durable immun- 
ity) are the results of recent experiments*®'®® revealing that ammals can 
be immunized by a sufficient dosage of formahn-inactivated equine virus 
to at least as high a degree of immumty as that mduced by active virus 
It IS yet to be shovui that the immumty following moculanon of acnve 
virus can generally equal that following an attack of the disease itself 
Pracncal immumzanon can therefore be achieved by means of inacti- 
vared virus " 


In this connection, the stnking results of Chase should be cited a chemical antigen (2-4 dimtro- 
chlorobenzene) can induce a satisfactor> leiel of cutaneous h>persensiUveness enduring for at least 
7 months after a senes of treatment attempts to recover antigen from the animals failed (per 
sonal communication) Sulzberger -irho publishes instances of persistence of antibod> for seieral 
rears in persons not exposed again to the anligeti states that ‘ persistence of living microorganisms 
IS not necessary to account for the continued state of cutaneous or other allergj (including the 
persistence of immunity to reinfection) " 
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In favor of persistence unmunity is the possibihty that vims in 
immune hosts may be masked by neutrahzmg antibody and therefore 
IS not recoverable by ordmary methods If this obstacle can be sur- 
mounted and if, m addition, the work by Kunkel on plants can be made 
to apply to mammals, one will be m a better position to afiirm the 
hypothesis In conclusion, no defimte evidence was obtamed by the 
methods thus far used to support the idea of immunity based on per- 
sistence of virus 

The Response of the Immune Animal to a 
Challenge Dose of Virus 

Animals (rabbits, gumea pigs, and mice) sufficiently vaccmated 
with the equine vuus exhibit unmumty to large test doses of the homo- 
logous vuus mtroduced mtracerebraUy but full susceptibility to the 
heterologous stram * 

Rabbits or gumea pigs adequately vaccmated to withstand looo 
lethal cerebral doses respond to challenge dose with a characteristic 
febnle reaction In vaccmated or nonvaccmated animals the febrile 
response, a steep rise m temperature first observed 2 hours after mocu- 
lation which persists for 24-30 hours, is similar Thereafter, fever con- 
tmues m control animals until prostration but m immune ones the tem- 
perature drops to normal where it remains 

Smce no such characteristic rise m temperature occurs m gumea pigs 
or rabbits after mtracerebral mjection of formahn-mactivated virus, or 
of suspensions of normal mouse cerebral tissue, or of a neutral mixture 
of virus and antiserum, and smce the virus is recovered from the per- 
fused bram of gumea pigs durmg the febnle penod, it is plain that the 
fever m vaccmated animals reflects virus action and therefore an abornve 
infection 

The confirmation of the phenomenon as an infection was obtamed 
by histological study and by demonstration of fluctuations m the neu- 
tralizmg antibody m the bram tissue The cerebral lesions in vaccmated 
ammals were comparable m type and, with few exceptions, m degree 
with those m nonvaccmated ones, as observed 24-48 hours after virus 
moculation It is noteworthy that vaccinated animals, presumably im- 
mune at the tune of mtroduction of the challenge dose do not nd them- 


* Two strains of equine encepHalomyelitis vims exist in nature the Eastern and the Western 
Both are serologicily and immunologically distinct, 1 c there is no cross neutralisation nor cross- 
immunity in animals recovered from infection or vaccinated with either active or inactivated \nrus 
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selves of the equine virus immediately after exposure, before any damage 
IS done On the contrary, immune animals permit invasion by the virus, 
allow Its persistence (even though for a short time— here, a day or two), 
and exhibit during earhest stages defimte pathological changes of the 
same type* and practically of the same degree as those seen in non- 
immunes The virus progresses in the latter in its destructive course of 
necrosis of neurons, of stroma of the CNS, and of vascular walls until the 
ultimate death of the host In rmmunes it acts to gam m the bram only 
a foothold— actual muluphcation of virus cannot be demonstrated— 
when it meets certain obstacles, the defensive mechanisms, which, as it 
were, stop it m its tracks Then it is undetectable, nevertheless, 
first leaving its impression on the bram m certam lesions which reflect 
abortive infection Bedson earlier observed a similar condition m ex- 
perimental psittacosis vaccmated, immune mice after test inoculation 
with virus show no signs of disease, but defimte, characteristic lesions 
m the spleen, m which active virus can be found The production of 
lesions— a consequence of the effects of virus— is therefore evidence for 
an actual infection 

Still other evidence for mfecoon is the vananon m “brain” antibody 
“serum” antibody ratio Thus durmg the febrile penod no change oc- 
curred m the ratio over that pnor to the test virus inoculation One 
week after the test dose was given, however, bram antibody rose con- 
siderably so that the ratio shifted from about i 300 to i i or i 10, the 
second week after, it returned to about i 100 How can this be viewed^ 
In an immunized animal, after a test dose is given mtracerebrally, an 
excess of the virus is deposited m a site contammg antibody, vmis 
remains m excess for about 24-30 hours, then follows an excess of anti- 
body, m this way the animal overcomes its infection and remains well 
To summarize the ideal state m immunization by artificial means 
with active or mactivated virus, that is, one m which the host after 
any sort of exposure to virus promptly and completely sheds or elim- 
mates any dosage of it is not readily achievable When an adequate 

• Eramination of the CNS of stock animals and animals after imccination revealed no visible chanra 
Other matenal such as formolized virus or normal guinea pig brain, inoculated intracerebrallr, 
gave rise to lesions in the same elements as were involved in the earliest stagM ■within Z4-4S 
hours of infection mth acfire virus Slight cellular infiltration chiefly with polymorphonuclear 
cells in meningeal and perivascular areas, and mild disor^nuation of lining cells accompmied ^ 
similar cellular infiltration of the ependyma and chonoid plexuses WTiether the changes are indnceu 
hy cortical hemorrhages — almost invariably concomitants of the inoculation — or by the inocult^ 
Itself IS not known The degree of this reaction therefore differentiates it from that causM by 
■virus Not ■viruses respond in this way, for example our finding for herpes ” later connmea 
b> others for poliomyelitis virus, herpes virus can multiply in guinea pigs brains without evoking 
ani distinctive signs of disease or histopathological lesions 
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amount of equme virus is given it \tull gain a temporary foothold m the 
vaccmated, apparently highly immunized, animals even causmg certam 
changes which may be reflected as an abortive, or possibly an inappar- 
ent infection 

Nonspecific Resistance * Interference Phenomenon 

Smce the Inang cell is needed for the multiphcaaon of viruses, its 
condition is necessarily linked Muth the fate of the latter One type of 
nonspecific resistance may result from an alteration of the normal cell 
by (i) specific virus acaon or (2) general disturbance of metabohsm 
as m malnutntion Another type of nonspecific resistance may be due 
to (3) mechamcal factors mfluencmg the progression of a virus from 
Its portal of entry 

I Interference due to mnis action ^on cells When a tissue harbor- 
ing a virus is exposed withm a defimte tune to another virus, or when 
two viruses are mjected at the same tune, and one mhibits the multipli- 
cation or modifies the action of the other, the process mvolved, which 
is not dependent on neutralizmg annbody or on serological specificity, 
IS designated the interference phenomenon The mterest of this labora- 
tory m the problem concerned additional examples of this reaction, par- 
ticularly m the CNS tissues, the classification of viruses on the basis of 
them “mterfermg” capacity and studies of the pnnciples mvolved m 
production of the resistance 

Rabbits or gumea pigs convalescent from experimental Eastern or 
A’\^estem equme virus infection mduced by mtracerebral moculation 
withstand, durmg a period of nvo weeks, similar mjection of both 
MTUses, also of that of vesicular stomatitis This resistance is not 
brought about by mtroducaon mto the bram of submfecave amounts 
of active or formahn-inactivated virus, nor does it depend on neutraliz- 
ing antibody m the cuculation or brain The resistance is confined to the 
CNS because heterologous virus after peripheral moculation is not pre- 
vented from cuculatmg m the blood stream One torus given m the 
bram interferes therefore ttoth another given m the bram Moreover a 
small dose of Theiler’s virus (mouse pohomyehtis^®) mtroduced mtra- 
cerebrally mto mice and givmg nse to mcubation penods of 6 to 14 
days induces from the fourth to the tenth day, an mcreasing resistance 

* To be noted is that reference is made to * immunity” when specific antibody or the general 
pnnciples of specificity are involved, to 'resistance* as now used in this section when non 
specific factors are dealt with. 
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to large doses of Western equine virus given mtracerebrally Not only 
does the Theiler virus interfere m mice with Western vmis but also 
with Eastern and certain other neurotropic viruses— the tests are stiU 
bemg earned on From what has been said, one should hesitate to 
use animals recently tested, as is done m laboratory identification of 
newly isolated viruses or strains for fear of encountermg this nonspeci- 
fic phenomenon 

2 Interference due to general disturbance of rnetabohsur It was 
first shown experimentally by Rous (1911) for the Rous sarcoma and 
in this laboratory (1925) for a virus such as foot-and-mouth disease"*^ 
that thin, marasmic, or ill-nourished animals are resistant to moculation,* 
moreover, the resistance is nonspecific— it is not evoked through the 
action of neutrahzmg antibody Rivers and colleagues have also dem- 
onstrated that rabbit skm irradiated with ultraviolet hght is less sus- 
ceptible to vaceme virus than untreated skm 

Nasal chemoprophylaxis Another form of nonspecific resistance 
studied here is that foUowmg nasal instillation of certam chemicals (tan- 
mc acid, alum, zme sulphate as used by Schultz, etc ) to prevent viruses 
which progress along the olfactory pathway from reachmg the CNS 
The chemoprophylaxis, as desenbed, was first observed m 1934 m 
experimental equme encephalomyehas,^® it was promptly apphed to 
various viruses mcludmg experimental pohomyehds,^^’^^ in the latter 
case It was 100 per cent effective When, however, it was apphed to 
human beings during an epidemic of the malady, the method failed for 
the reason, as now beheved, that the virus is m nature not ordinarily 

transmitted via the olfactory pathway 

The mechanism underlymg the action of nasal chemoprophylaxis 
IS sdll bemg studied, although it was thought that the chemicals sprayed 
or msdlled mto the nasal cavity damaged m some way the olfactory 
mucosa (neurons), thus prevenang mfecnon by the virus, restored 
suscepabihty followed the restitution of the membrane (Schultz and 
Gebhardt) 

3 Interference due to mechanical factors Nonspecific resistance 
is not always due to cellular changes but can anse from mechanical fac- 
tors such as blockmg the progression of virus from its portal (King, 
Sprunt and coUeagues) In this laboratory^ it was show that follow- 
mg the use of hypertonic solutions producing edema, a virus such as 

d.ctum of Rivers “Perfect health is no protection against poliom>eliti5l” 
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herpes febnhs progressed more actively with an enhancement of ob- 
vious signs of infection On the other hand, substances mducing acute 
inflammation and partial or total blockade of the lymphatic system, 
retarded or even mhibited virus infection 

In summanzmg the theoretical aspects of the problem of mterfer- 
ence, especially that due to virus action which is designated m this la- 
boratory as “an acquired nonspecific cellular resistance,”^'^ one should 
draw attention to the susceptibihty of normal cells and the resistance 
of “abnormal” ones to virus Just what the mechanism of resistance is 
IS soil unknown One view is that virus affects the receptor or receptor 
substance of susceptible cells thus mactivatmg it (after Hurst who pos- 
tulates this to be the mechanism of hemagglutmation by influenza 
virus) If any one virus mterferes with any other, the phenomenon then 
IS completely nonspecific— cells made “abnormal” through virus action 
become refractory to infection by another If, on the other hand, 
only specific cell receptors are mactivated, without otherwise affecting 
the normality of the susceptible cell, it may then maintain the “mter- 
fermg” power of virus In such an event one can conjecture on the 
possibihty of prophylaxis, after the manner of chemoprophylaxis, fur- 
ther study may show the way 

At this moment the insusceptibihty of a host to mfecaon depends 
on a number of factors, perhaps more than one acting concomitantly 
In experimental eqmne encephalomyehus, certam of these factors are, 
first, the systeimc stram-spectfic tnrmumty in which the degree is cor- 
related with the titer of neutralizing antibody, and can be active, as (a) 
m recovery from disease or from mapparent infection, (b) after vaccm- 
adon, or (c) in the anamnestic state consequent to recovery, vaccmation, 
or exposure to active virus) or passive (as from maternal transfer of 
antibody or from injection of antiserum) The second factor is cellu- 
Icrr resistance mdependent of neutralizing or other specific serological 
antibody and is nonspecific, developed through virus action or through 
cellular changes (nutritional, endocrmological, genetic) not mduced 
by a virus Another form of nonspecific resistance is due to nnech- 
anical factors preventing progression of a virus from its portal Still 
another is 7 natnration— the increasing msuscepobility ^vlth age which 
IS correlated with mcreasmg capacity to produce torus antibody, or with 
cellular changes (“barriers”) or with both This is an mstance in which 
time has not served to simplify nature' 
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One word before closing this lecture The whole story is not told, 
yet the speakers must save themselves from the quicksands of illusion, 
they must give no other impression than that their colleagues and them- 
selves are at the very threshold of knowledge of the subjects here dis- 
cussed 


REFERENCES 


1 Ohtsky, P K, Cox, H R and Sj-eer- 
ton, J T Comparative studies on the 
Mruses of vesicular stomatitis and 
equine encephalomyelitis, J Exper 
Med, 1984^, 69 159 

2 Obtsky, P K , Sabin, A B and Cox, 
H R An acqmred resistance of grow- 
mg animals to certain neurotropic vi- 
ruses m the absence of humoral anti- 
bodies or previous exposure to infection, 
/ Exper Med , 1936, 64 728 

3 Sabin, A B and Obtsky, P K Influ- 
ence of host factors on neuromvasive- 
ness of vesicular stomabtis virus, J 
Exper Med, 1937, 66 16, 86, 1938, 
67-201, 229 

4 Sabin, A B and Obtsky, P K yana- 
tions m pathways by which equme en- 
cephalomyelitic viruses invade the CNS 
of mice and guinea pigs, Proc Soc 
Exper Biol 4 Med , 1938, S8 696 

6 Sabin, A B and Obtsk), P K Age of 
host and capaatv of equine encephalo- 
myelitic viruses to mvade the CNS, 
Proc Soc Exper Biol § Med, 1988, 
S8 697 

6 Sabin, A B Progression of different 
nasally instdled viruses along different 
nervous pathways in the same host, 
Proc Soc Exper Biol 4 Med, 1938, 
5S-270 

7 Sabin, A B Constitutional barriers to 
miolvement of the central ner^ous sys- 
tem b\ certain iiruses. Science, 1940, 
91 &! 

8 Sabin, A B Constitutional barriers to 
invohement of the nervous sistem bj 
certain viruses, with special reference 
to the role of nutrition, J Pediat , 
1941, 19 696 

9 Morgan, I M Influence of age on 
susceptlblllt^ and on immune response 


of mice to Eastern equine encephalo- 
mjelibs virus, J Exper Med, 1941, 

74 116 

10 Sabin, A B and Obtsky, P K 
Pathological ei idence of axonal and 
trans-sjmaptic progression of vesicular 
stomatitis and Eastern equine ence- 
phalomyebbs viruses, Am J Path , 
1987, IS 616 

11 Morgan, I M , Schleslnger, R W and 
Obtsk}, P K Induced resistance of the 
central nervous system to experimental 
mfecbon witli equine encephalomyelitis 
virus, J Exper Med , 1942, 76 367 

12 Schlesmger, R "W , Morgan, I M and 
Olitsky, P K Significance of neutral- 
izing anbbody in experimental equine 
encephalomj ehtis, JAMA, 1942, 119 
618 

13 Obtsky, P K , Schlesmger, R W and 
Morgan, I M Induced resistance of the 
central nervous system to experimental 
infection with equine encephalomyelitis 
virus, serotherapj of Western iirus in- 
fection, J Exper Med , 1948, 77 859 

14 Obtsky, P K , Traum, J and Schoen- 
mg, H W Report of the Foot-and- 
Mouth Disease Commission of the 
United States Department of Agricul- 
ture, U 8 Dept AgnciMure Technical 
Bulletin, 1928, No 76 

15 Obtskv, P K and Morgan, I M Stud- 
ies on active and passive immunib re- 
sulting from inoculations of formolired 
inactivated and of actiie iinis of equine 
encephalomi ebtis, J Am Vet M A , 
1939, 95 530 

16 Morgan, I M and Olltski, P K Im- 
mune response of mice to actiie virus 
and to formabn-inactn ated iirus of 
Eastern equine encephalomi ehtis, J 
Immunol, 1941, ^445 


The Ivnmmology of Certain Vtnis Infections 373 


17 Olitsky, P K and Harford, C G In- 
traperitoneal and intracerebral routes 
in serum protection tests with the virus 
of equine encephalomyelitis, J Exper 
Med, 1938, 68 173 , 761, 779 

18 Morgan, I M Neutralizing antibody 
to Western eqmne encephalomyelitis vi- 
rus, J Bact , 1944, 47 466 

19 Morgan, I JI Quantitati\e serum- 
virus relationship m neutralization tests 
with Western equme encephalomyehtis 
\nrus. Federation Proa, 1943, 2 100 

20 Morgan, I M / Immiinol , in press 

21 Unpublished data, -nith the codperahon 
of L G Longnorth 

22 Cox, H R and Ohtski, P K Active 
immunization of gumea pigs with the 
Mrus of equine encephalomj elitis , im- 
munization with formolized Mrus, J 
Exper Med, 1936, 63*746 

23 Ohtskj, P K and Cox, H R Experi- 
ments on active immunization against 
experimental poliomj ehtis, J Exper 
Med , 1936, 63 109 

24 Ohtskv, P K and Cox, H R Active 
immunization of guinea pigs with the 
virus of equme encephalomyehtis, quan- 
titative experiments with various prepa- 
rations of active virus, J Exper Med, 
1936, 63 811 

26 Morgan, I and Lavin, G I Im- 
munizing capaaty of vims of Eastern 
eqmne encephalomyehtis inactivated b\ 
ultraviolet light, Proc Soc Exper Biol 
^ Med , 1941, 47 497 

26 Long, P H and Ohtskv, P K Im- 
munity in gumea pigs to the virus of 
vesicular stomatitis, Proc Soc Exper 
Biol § Med , 1927-28, So 478 

27 Ohtsky, P K and Morgan, I 51 Pro- 
tective antibodies against eqmne ence- 
phalomyelitis vims in the semm of 
laboratory vorkers, Proc Soc Exper 
B 10 L ^ Med, 1939, 41-212 

28 Cox, H R and Ohtskv, P K Active 
immunizabon of guinea pigs vnth the 
vims of eqmne encephalomyehtis, effect 
of immune serum on antigenicity of 
active and inactive vims, J Exper 
Med, 1936, 64*223 

29 Sabin, A B The protective action of 
nasally instilled immune semm against 


infection with certam neurotropic vi- 
ruses by way of the nose, J Exper 
Med , 1936, 63 863 

80 Ohtsky, P Schlesinger, R W and 
Morgan, I 51 Induced resistance of 
the central nervous system to experi- 
mental infection with eqmne encephalo- 
my ehtis virus, serotherapy m Western 
virus infection, J Exper Med, 1943, 
77 869 

31 Morgan, I M Relation of age to im- 
mune response of mice to formolized 
equme encephalomyehtic Mms, Proc 
Soc Exper Biol ^ Med , 1989, 4S 601 

82 Ohtsky, P K and Long, P H Rela- 
tion of vaccmal immunity to the per- 
sistence of the virus in rabbits, J 
Exper Med, 1929, SO -268 

33 Morgan, 1 M and Ohtskj, P K A 
study of immunity m rabbits from two 
to three years after mfecbon with vac- 
cine virus with attempts to recover ac- 
bve virus, J Immunol, 1940, S9 1 

84 Ohtsky, P K , Rhoads, C P and Long, 
P H The effect of cataphoresis on 
pohomyehtis virus, J Exper Med, 
1929, 60*273 

85 Sabin, A B and Olitski, P K Fate 
of nasally msblled pohomyehtis urns 
m normal and convalescent monkeys 
with special reference to the problem 
of host to host transmission, J Exper 
Med , 1938, 63 39 

36 Schlesinger, R W , Ohtskv, P K and 
5Iorgan, I M To he published 

37 Schlesinger, R W, Ohtski, P K and 
Morgan, I M Obseriations on acquired 
cellular resistance to equme encephalo- 
miehbs vims, Proc Soc Exper Biol 
^ Med, 1943, 64*272 

38 Schlesinger, R. W^ Olltskv, P K and 
Morgan, I M Induced resistance of the 
central nervous system to experimental 
infection with equme encephalomi elitis 
Mrus, abortive infection vith Western 
virus and subsequent interference ■with 
the acbon of heterologous Mruses, J 
Exper Med, 1944, SO 197 

39 Ohtsky, P K and Long, P H The 
action of the Levaditi strain of herpes 
vims and of vaccine virus in the gmnea 
pig, J Exper Med, 1928, 4® 



374 


THE BULLETIN 


40 Obtsky, P K A transmissible agent 
(Theiler’s virus) m the intestines of 
normal mice, J Exper Med , 1940, 
7S 113 

41 Ref 14, p 93 

42 Obtsky, P K and Cox, H R Tempo- 
rary prevenfaon bj chemical means of 
mtranasal mfection of mice with eqmne 
encephalomj elitis Mrus, Science, 1934, 
80 BOB 

43 Obtsky, P K and Sabin, A B Com- 
parative effectiveness of various ehenu- 
cal sprays in protecting monkevs 


against nasally instilled poliomyelitis 
Mrus, Proc Soc Exper Btol ^ Mod, 
1937, 36 632 

44 Sabin, A B , Olitsky, P K and Cox, 
H R Protecthe action of certain 
chemicals against infechon of monkeys 
with nasally instilled poliomyelitis vi- 
rus, J Exper Med , 1936, 63 877 

45 Obtskv, P K and Schlesinger, R W 
Effect of local edema and mflnmmation 
m the skin of the mouse on the pro 
gression of herpes virus, Science, 1941, 
93 674 



JULY 1945 


375 


DIFFERENCES IN THE NATURE OF 
ANTIBACTERIAL ACTION OF THE 
SULFONAMIDES AND PENICILLIN AND 
THEIR RELATION TO THERAPY’^ 


Colin M MacLeod and Edna R Stone 

Department of Bactenologj New York University College of Medicine 



-^HE therapeutic effectiveness of the sulfonamide drugs is 
due solely, msofar as can be determined, to their bac- 
teriostaac property— the ability to restram the growth 
of the organisms They do not evert a primary lulling 
effect The kiUmg of the infectious agent is left to the 
mechanisms, apparently chiefly through phagocytosis 
which occurs most actively when specific annbody is present, whether 
because of active immunization of the host by the infectious agent 
dunng the course of the disease itself or else supplied artificially through 
the use of immune sera— a procedure which many consider to be seldom 
necessary nowadays except in the case of bactena which produce evo- 
tovins, such as the gas gangrene anaerobes Dependence on specific 
immunity is thus an important hmitation to the effectiveness of the 
sulfonamides, since, unless phagocytosis is active the infectious agent 
may not be eradicated A more ideal chemotherapeutic drug is one 
which will lull the microorganisms without such complete dependence 
on the complex antibody-complement-phagocyte system There are in- 
dications that in the ammal and human body penicilhn exerts this effect 
to a considerable degree and its greater usefulness in many cases may 
be due to its lullmg or bactencidal property’ 

It seems proper to review certam parts of the evidence on which 
the foregomg obsen’-anons \^Tth respect to sulfonamides and penicillin 
are based In the case of the sulfonamides this can be ver}>' clearly dem- 
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onstxated by a consideration of the therapy of experimental pneumo- 
coccal mfections of mice ^ 

If mice are infected with pneumococcus Type I and treated with a 
sulfonamide such as sulfapyndme or sulfadiazme, therapy must be 
contmued for a period of 48 to 72 hours for recovery to take place 
The same amoimt of drug given on a smgle day is meffective Experi- 
mentally, m other groups of mice, it can be shown that a penod of 60 
to 72 hours is reqmred for the development of active immunity Pneu- 
mococcus Type I IS a good antigen so that between 90 and 100 per cent 
of mice become immune dunng this penod The sulfonamides are very 
highly effective agamst mfecuons with Type I and uniformly, between 
90 and 100 per cent of infected rmce recover following treatment for 
three days In other words, the proportion of animals recovermg fol- 
lowmg sulfonamide therapy corresponds closely to the proportion of 
mice which becomes immunized by a smgle injection of kiUed Type I 
pneumococcL 

In the case of pneumococcus Type III the story is similar but at 
the other end of the scale Although most strams are as susceptible as 
Type I to the bactenostanc action of the sulfonamides m intro, m ex- 
perimental infections of mice these compounds are relatively ineffective 
Between 5 and 10 per cent only of mice infected with Type III pneu- 
mococcus recover followmg sulfonamide therapy continued for as long 
as five days Dunng the penod of drug administration the animals re- 
main well, but when the drug is stopped most of the mice die In other 
words, the drug has exerted a bactenostatic effect, but due to some 
failure on the part of the host, destruction of the bactena has not 
occurred There is evidence that this failure is due to the inability of 
the host to produce antibodies to pneumococcus Type HI, except in 
a small proportion of cases Pneumococcus Type III, relatively speak- 
mg, IS a poor antigen If groups of mice are injected with a heat-killed 
vaccine of this organism, only 5 to 15 per cent develop active im- 
munity against even a very smaU dose of hvmg orgamsms The propor- 
tion of animals which survive followmg sulfonamide therapy is about 
the same as that which becomes immunized to pneumococcus Type III 
when mjected ivith a heat-kiUed vaccme 

Admittedly this is not hard and fast evidence that m strams of or- 
ganisms of equal virulence and m intro suscepnbihty, the difference in 
effectiveness of the sulfonamides m curmg mfections with these bac- 
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Tahix I 

REI ATION OF THE EFFICACY OF SULFONAMIDES TO 
ANTIGENIC RESPONSE OF MICE TO PNLL MOCOCCI 


Piifu mococcal 

% lumvinq foUcncxng 

% xmmunized by 

Type 

lulfonamide therajiy 

heai-ktlled varciiw 

T)’pc I 

90-100 

90-100 

T\-pe II 

60-60 

60-60 

Tjpe III 1 

irregular 0-10 

1 

6-10 


\ irulcnce of nil strains for mice 10-* cc of culture 

SIlsccptlblllt^ of strains to bncteriostatic action of sulfonnmules iii lifro the same 
'Mthin the bnuts of error of test 


tena IS due to differences m the immune response of anmials to them 
Further evidence that the immune response is of primar)'^ importance 
may be got from a study of infecaons with Type II pneumococcus 
In Its response to the sulfonamides in experimental infections, Type II 
lies midway betiveen Type I and Type III The sulfonamides mtU 
effect cure of approximately half of the mice infected Avith Type II 
Correspondingly, if one injects mice Avith a single dose of a heat-killed 
vaceme of T)^e II pneumococcus, it is found that only about half of 
the ammals develop immunity The evidence Avould appear to be quite 
clear therefore, that m experimental infections of mice with different 
strains of pneumococci of the same virulence and m vitro susceptibility 
to sulfonamides, but diffenng in their antigenic potenc)L the thera- 
peuQc effect of the drugs is directly propornonal to their antigenicit\ 
A summar}'- of these obseri^ations is given in Table I From these data it 
can be seen that the effectiveness of the drugs parallels the antigenicm^ 
of the bactena to a remarkable degree 

The antigenicitv’’ of these three rvqies of pneumococci in other ani- 
mals including man, parallels roughly that obseix^ed in mice, with 
T^qie I an excellent antigen and Tjqie III relatively poor It is also of 
considerable mterest that m man, infections Avith T}’pe III pneumo- 
coccus respond to sulfonamide therapy less m ell than infection due to 
other t^qies The overall mortality in pneumococcal pneumonia treated 
■vnth sulfonamides is in the neighborhood of lo per cent, whereas with 
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Type III the mortahty is between 20 and 25 per cent 

Failure of action of snlfonanndes m localized mfections For a time 
It was thought that suifonarmde mhibitors were solely responsible for 
the failure of sulfonamide therapy in certam localized mfections such 
as empyema Extensive study of experimental pneumococcal empyema 
m rabbits^ mdicates, however, that this is not uniformly so, since m 
some mstances relatively enormous doses of sulfadiazine injected lo- 
cally failed to sterilize the cavit}’^ even though we were unable to detect 
the presence of any sulfonamide mhibitor whatsoever, and the reacnon 
of the pleural exudate was neutral or shghtly alkaline Factors other 
than these must then be sought in order to explam the lack of effect 
It should be noted that the organisms used to produce the empyema 
remamed highly susceptible to the bacteriostatic action of the drugs 
m vitro The reasons for failure of the sulfonamides locally may be that 
antibody m sulScient quantity does not enter the lesion and that most 
of the leukocytes m the exudate are dead or damaged and no longer 
actively phagocync Absence of antibodies and functional phagocytes 
has seemed to us to be the most probable explanation, since, although 
a bacteriostatic concentration of sulfadiazine could be achieved in the 
absence of demonstrable mhibitors, the orgamsms were not destroyed 
This is further evidence for the importance of the normal host defense 
mechamsms m the action of the sulfonamides It is apparent that the 
purely bacteriostatic action of the sulfonamides and lack of a bacteri- 
cidal effect place senous lirmtations on their usefulness 

Bactericidal action of penicillin Pemcillm has changed entirely our 
approach to the therapy of local infections such as empyema Not only 
does It sterilize a pneumococcal empyema cavity, but this effect may 
occur mthin 4 to 8 hours This is true both in experimental animals 
and m man It seems most likely that the dramatic response to penicillin 
mjected locally under such cucumstances is due to the duect bacten- 
cidal action on the organisms as opposed to the bactenostatic effect of 
the sulfonamides, which requires to be supplemented by antibody and 
phagocytes 

Hobby, A'leyer and Chafee® demonstrated that penicillin exerts a 
bactericidal effect m intro and this obsen>-ation has been confirmed re- 
peatedly by others Killing does not occur instantaneously as when a 
culture of bactena is dipped mto boding water, nonetheless the effect 
IS qmte definite It should be noted, however, that usually not all of the 
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organisms are killed m vitro, a few remammg alive 

‘\^^hen penicillin is injected locally into empyema cavities, the bac- 
tencidal effect is even more stnkmg than that which occurs in vitro, 
provided one is deahng wath pemcilhn-sensitive orgamsms ^^Hiat evi- 
dence is there for a bactencidal effect m infections other than empyema^ 
In patients treated for an tenor urethntis by mtramuscular or intra- 
venous injection of pemcilhn, it has been noted that viable gonococci 
may disappear within a few hours Similarly, spirochetes may disappear 
from a pnmary chancre within a matter of a few hours following 
mination of treatment Both of these obseri^ations mdicate that peni- 
cillm IS exertmg a direct killing effect on the infecting microorganisms 
On the other hand, in the case of antenor urethntis treated successfully 
with a sulfonamide, similar dramatic disappearance of the gonococci 
docs not occur, but may take several days It may be argued, however, 
that this does not rule out specific mimumty m the case of penicillin 
therapy, since by the time treatment is begun the microorganisms have 
been present m the body for a sufficient penod to provoke a specific 
immune response This would be true even if chemotherapy is begun 
on the first day of clinical disease since the orgamsms have already 
been present dunng the meubanon penod which might provide suffi- 
cient time for the produenon of immune bodies, although the amount 
might be very small and not detectable by the methods available In 
this regard it has bech shovoi m rabbits that acuve immunity in the 
case of pneumococci appears before specific annbodies arc demonstrable 
in the circulating blood ^ 

The lesser role played by specific antibody m pemcilhn-treated 
infections is demonstrated by e\penments m mice infected \nth pneu- 
mococci and treated with pemcilhn 

If mice are infected Math pneumococcus Type I and treated Math 
pcnicillm in three divided doses at 4 hour intervals thereafter on the 
day of infection only, a considerable proporaon of the ammals sur\a\ e 
Under this scheme the last dose of penicillin is given 8 hours after the 
animals M'ere infected The recover)'’ rate depends in good part upon 
the amount of pemcilhn mjected and reaches a figure of approximately 
75 per cent Mhen large amounts are given It seems unhkely that an 
effeem c concentration of drug is present in the animal body for more 
than 12-16 hours after the infection M'as imnated, yet dunng this period 
penicillin has been able to eradicate the infection completely from most 
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Table II 

EFFECT OF PENICILLIN GIVEN ON A SINGLE DA'i TO MICE 
INFECTED WITH PNELMOCOCCI 


Pneumococcal 

Type 

Virulence 
for mice 

Bactenostatic 
dole in vitro 
units per cc 

Per cent of Mice Surviving 

Oxford Units per Day 

300 &. 600 

76 

80 

16 

Type I 

10-’ cc 

0 06 

741 

67 8 

23 6 1 

1 

16 7 

T^pe 11 

10-* cc 

0 026 

72 6 

1 

16 0 

83 

— 

Type III 

1(L' cc 

0 06 

16 4 

1 

— 

00 

— 


Infecting inoculum 10-’ cc of culture 

Penicillin given In 8 divided doses at 4 hour intervals 

The rate of kdling by penicillin (bactericidal effect) tn vitro •was the same for each of 
the three types 


of the mice Explanation of this phenomenon is difficult unless penicillin 
exerts a direct bactericidal effect in the presence of a systemic infection 
with pneumococcus Type I The pamapation of specific antibodies, 
m the hght of our present knowledge, seems unlikely, although not 
completely ruled out These data are shown m Table II 

When either 300 or 600 Oxford units of penicilhn are given over 
an 8 hour penod, 74 per cent of the Type I mfected animals survive— 
the maximum effect being achieved at 300 umts, wnth no improvement 
on increasing to 600 as shown m Table 11 At a dosage of 75 umts about 
58 per cent survive, this decreases to 23 5 per cent at 30 umts and is 
only 167 per cent when 15 umts are used It should be noted that 15 
umts per day in 3 divided doses of 5 umts each, given on each of 4 
successive days will effect recovery m almost 100 per cent of the ani- 
mals However, with this dosage given on a single day, the recovery 
rate is low 

As previously stated, sulfadiazme administered for a single day is 
ineffective, even though given at maximum dosage and usmg the same 
stram of pneumococcus Type I as m the pemcilhn experiments There 
IS apparently a considerable difference m the nature of the annbactenal 
action of the drugs, sulfadiazme bemg purely bactenostaac, whereas 
pemcilhn is rapidly bactencidal particularly at high dosage It has been 
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estimated that against organisms suscepnble to both, penicillin is about 
1000 times as acuve as sulfadiazme This purely quanntauve difference 
IS most important, but it seems proper to emphasize that die quahtatu e 
difference may be of even more significance At lou er dosage penicillin 
behaves more like sulfadiazine, that is, as a bactenostatic agent, but in 
a high dosage it is bactencidal 

Pneumococcus Type H behaves somewhat similarly to Type I in 
mouse infections treated with penicillin, however, it is only at the 
larger dosages that treatment for a single day has much effect, as shown 
m Table II With Type III the effect is considerably less, so that even 
at dosage of 300 or 600 units per day only 15 per cent of the mice 
sur\uve It should be noted that with all three types the virulence was 
the same in that 10-® cc of culture (1-5 organisms) killed control mice 
uniformly The infecting inoculum in each case was 10-- cc of culture 
corresponding to 1,000,000 lethal doses /;/ vitro the amount of peni- 
cillin required to produce bacteriostasis was the same within the limits 
of error of the dilution method of assay, and each of the strains was 
killed at the same rate by penicilhn m vitro From these studies it is 
apparent that one cannot carry over to the animal body the results of 
studies of susceptibihty to penicillin m vitro, since all three t>pcs of 
pneumococcus behave ver)’- similarly m vitro, yet ni vivo differ greatly 

The differences in behavior m vivo remain unexplained It may be 
suggested that part of the bactencidal effect obsen.’^ed m vivo with 
penicillin is due to the participation of some component of the animal 
body Tins component is most effeem e against Type I in the presence 
of penicillin, less so against Type II and even less effective against 
Type III Despite these differences in respect to the three pneumococcal 
rspies It IS apparent that penicillin exerts a direct bactencidal effect 
when large doses arc used in the treatment of mice infected with pneu- 
mococci of these three r\’pcs 

If therapy x\ ith penicillin is prolonged for four dax s, a high propor- 
tion of cures can be obtained c\cn in the case of infection xiith pneu- 
mococcus Type III, as shonn in Table III Tlie rate of recoicrx' is 
proportional to the dosage of penicillin, and for both Txqic II and 
Type III much larger amounts arc required than for Txqic I, v hicii it 
should be recalled, responds best of the three types to treatment gi\ cn 
on one dax onlx' (Table II) The degree of response to the four dax 
treatment at all dosage lex els, but pamcularlx" 75 units per day. cor- 
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Table III 

EFFECT OF PENICILLIN GIVEN FOR 4 DAYS TO MICE 
INFECTED WITH PNEUMOCOCCI 


Pneumococcal 

Type 

Virulence 
for Mice 

Bacterioitatxc 
in vitro 
units per cc 

Per cent of Mice Surviving 

Oxford Units per Daii 

800 

76 

80 

16 

Type I 

10-" cc 

0 05 

— 

100 0 

97 4 

100 0 

Type II 

10-' cc 

0 026 

94 7 

60 0 

83 

— 

Type III 

10-* cc 

0 06 

88 6 

1 

46 2 

39 

— 


Infecting moculum 10-’ cc of culture. 

Daily dose of peniciUin was administered in 8 divided doses 

The rate of kiUmg by penicillin (bactericidal effect) in vitro was the same for each 
of the three types 


responds roughly to what we know of the anugenicity of these three 
types That the development of specific immumty has probably only 
a minor bearing on recovery, however, is shown by the data m 
Table IV 

Mice recovering from infection foUowmg treatment with penicillm 
were tested ten days later for specific active immunity by reinfectmg 
them with relatively small doses of homologous strains of pneumococci, 
as shown m Table IV The remfecting dose was very small for all three 
types, but especially for Type II and Type III It was found that most 
of the imce recovering from infection with Type I were immune to 
reinfection Approximately one-half of the type 11 mfected mice only 
had developed immumty even though they had previously recovered 
from infection with the homologous stram Of the type III infected 
mice which had recovered foUowmg pemcilhn treatment, only 12 per 
cent were immune to reinfection with as little as 100 lethal doses The 
percentage of animals immune to the respective types m this pemcilhn 
treated senes is almost exactly the same as had previously been found 
for normal rmce unmumzed xvith a smgle dose of heat-killed organisms 
as IS shown in Table I In other words, pemcilhn did not affect the 
immune response m demonstrable fashion, and most of the type III 
infected mice and half of the type 11 mice recovered without evidence 
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1 MILL 

\CinL IM’MLMT'i IN PEMCILI IN IHEVTED MICE 


Type of 
Pnrumoroccur 

Ranfeettnp 

Done (M LD ) j 

! 

iX'o of 

^[icr 

Per cnit Immune 
(tsumrorr) 

r\7)c I 

1000 

38 

01 2 

1 \ pc 11 

100 

C2 

51 G 

I \-pc 1 1 1 

100 

1 

33 

121 


Mice Imd rcco\crcd from original infection following treatment with penicillin 
Inimuniti to reinfection vith homologous strain was tested 10 da\s after original 
infection 


of the development of specific immumty 

From the data presented in Tables II, III and IV it appears probable 
that an immune response to the infecting agent is not as important a 
prerequisite for successful therapy Avith pemcUlm, as seems to be true 
for the sulfonamides With pemcillm therapy on a single day only, 
approximately ^ of type I and II infected mice recover, presumably 
before specific immumt)’- has had a chance to develop Similarly, almost 
90 per cent of t}’pe III mfected mice recovered following high dosage 
of penicillin for 4 days, and on subsequent test only 1 2 per cent of the 
rcco\ ered mice m ere immune to t)q5e III An antibody response, there- 
fore, seems of much less importance to successful therapy with penicillin 
than Math the sulfonamides 

The possibility’- still remains that an effective le\cl of antibodies 
might dexelop within 12-16 hours of infection in the case of tyqic I 
and type II, and that the amount de\ eloped in ammals rccoxered from 
type III infccnons is too small to detect c\ en by the most sensinx c of 
methods that is, testing for the presence of acnx c immunitx Tins is 
unlikely The tentanx e conclusion has been draxxm that though specific 
annbody is probablx* not the somatic component participating in the 
bactcncidal effect of pcmcilhn in systemic mfccnons some auxiharx 
component or components, whose nature is at present unknoxx-n do 
participate 

It has been assumed in the foregoing discussion that certain more 
obx lous factors hax e been taken into consideration in the choice of a 




















384 


THE BULLETIN 


therapeuac agent Among the most important of these are that the 
microorganisms causmg the infection must be susceptible to the acnon 
of the drug employed, that the drug can diffuse mto or be introduced 
directly mto the infected area, and be mamtained there m adequate 
concentration, and that local factors such as inhibitors or unfavorable 
pH do not nullify its action 

Drr/g fastTness or renstmce Sulfonamide fastness may be an inherent 
property of all members of a species or genus of bacteria For example, 
mdifferent streptococci have been found to be highly resistant to this 
group of drugs even though they have not previously been in contact 
with a suLfonamide. One may speak of such fastness as natural m con- 
trast to the acquired fastness which may develop m a previously sus- 
ceptible stram of bactena durmg the course of treatment, particularly 
if the latter be prolonged 

Acquired fastness is a commonplace findmg during sulfonamide 
therapy, particularly wnth staphylococci, gonococci and to a lesser 
extent, pneumococci Staphylococci possess the ability to become fast 
fairly rapidly not only to the sulfonamides, but also to gramicidm and 
pemcilim For this reason, m addition to the circumscribed, ivalled-off 
lesion which they cause characteristically, staphylococcal mfections pre- 


sent a somewhat umque problem m chemotherapy 

In the first few years followmg the mtroduction of the sulfona- 
mides, the proportion of cures in acute antenor urethntis was variously 
reported as between 85 and 95 per cent Since then, however, the cure 
rate has fallen considerably under sulfonamide therapy It is held by 
some that the decrease m cures is apparent rather than real and reflects 
prmcipally improvement m the methods used to determme whether 
cure has occurred On the other hand it has been demonstrated that 
sulfonamide-fast gonococci are encountered commonly at presen^ 
w^hereas durmg the early days of sulfonamide therapy this is believed 
not to have been the case In many dimes, determmation of the sulfona- 
mide resistance of gonococci is used routmely as a guide to therapy 
This would seem to be an important part of diagnosis, since suscepn- 
bility of the infectmg stram as measured m intro appears frequently to 
parallel the suscepabihty of the human mfecQon to sulfonamide therapy 
If a stram of bactena is fast to one sulfonamide, for example, su a- 
diazme, it is fast also to other sulfonamides such as sulfapyndme or 
sulfathiazole Moreover, fastness once acquired persists m orgamsms 
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through an indefinite number of transfers in artificial culture media or 
animal passages Acquired fastness to the sulfonamides, hoa\e\er, does 
not extend to penicillin, xahich may be used for the treatment of sul- 
fonamide-fast infections 

The c\ idencc obtained up to the present time indicates that penicillin 
fastness develops less readily than fastness to sulfonamides In addition 
to this, penicillin causes the organism to disappear more rapidly, so 
that Its use appears to be distinctly advantageous in infections where 
fastness to sulfonamides develops frequently, such as in gonorrhea 

The possibilit)* of sulfonamide fastness should be kept in mind m 
other infections w Inch respond poorly to therapy It is desirable, if pos- 
sible, to dctennine whether the infecting organisms arc fast wTen 
tested /;/ vitro, since it is only by such measurements that one can 
obtain eventually an appreciation of the problem of fastness and 
whether or not it is increasing progressively 

Inhibitors of cheviot hcrapaitic drugs Some sulfonamide-susceptible 
strains of bacteria produce inhibitor normally during growth, but in 
amount insufficient to interfere with the bactcriostaac action of the 
drug On the acquisition of sulfonamide fastness the amount of inhibitor 
mn\ be increased greatly with some strains, bur fastness of equal degree 
may be present vv ithout any measurable increase in mhibitor production 
Sulfonamide inhibitors may also appear m certain lesions, particularly 
if tissue breakdown is occurnng, and in some instances account for 
failure of sulfonamide therapy Failure of sulfonamide therapy in lo- 
calised purulent infections, however, may occur in the absence of in- 
hibitors which arc demonstrable by the usual m vitro techniques, as 
mennoned prev lously in the case of expcnmcntal empyema of rabbits * 
In some instances no inhibitor could be demonstrated in the pus, v ct 
local thcrapv' wath sulfonamides was completely ineffective in stcnli?- 
ing the lesions In addition Tillctr has shown that empyema fluid from 
patients docs not alvv ays contain sulfonamide inhibitor, yet local therapv 
wath these drugs is unsuccessful As suggested earlier, the failure of 
local sulfonamide therapv* mav be based commonly on factors other 
than inhibitors, and the success of penicillin under these circumstances 
due not so much to the absence of pcnialhn inhibitors as to the bac- 
tcncidal properties of this compound 

In passing it mav be mentioned that ccruin organrsms both gram 
positive and nctranve. mav elaborate an cnzvmc, penicillinase which 
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destroys penicillin The importance of this enzyme as a cause of failure 
of pemcillin therapy has not been adequately assessed 

Nature and Iff cotton of the lesion Lesions produced by staphylo- 
cocci charactenstically localize early and become surrounded by a 
pyogemc membrane which prevents diffusion of chemotherapeutic 
agents mto them If therapy has not been begun before walhng-off has 
taken place, it may be necessary to eradicate the local lesions by surgi- 
cal procedures or else mtroduce adequate concentrations of pemcillm 
directly The sulfonamides exert little effect on localized staphylo- 
coccal infections, though they may be hfesavmg m preventmg over- 
whelmmg systemic infecaon Their failure locally may be attributable 
to the presence of sulfonamide inhibitors, acid reaction of the pus or 
absence of specific anubodies and functional phagocytes which appear 
to be essenoal for the therapeutic acdon of these bactenostanc com- 
pounds It seems probable that the failure of the sulfonamides in the 
treatment of tuberculous infections may be attributable to the same 
factors, smce it has been shown m vitro that the tubercle bacillus is 
susceptible to their bacteriostatic effect 

Factors other than a pyogemc membrane may prevent diffusion of 
a chemotherapeutic agent mto the mvolved area Most of the sulfona- 
mide drugs pass readily into the cerebrospmal fluid and hence treatment 
of meningitis with sulfonamides can be carried out ivithout recourse to 
mtrathecal administration This is a distinct advantage m the therapy 
of memngococcal meiungios Pemcilhn is extremely active against the 
menmgococcus but foUowmg mtramuscular or mtravenous m)ection 
very httle of the compound appears m the cerebrospinal flmd It must 
therefore be mjected mtrathecally, as well as by other routes m treating 
meiungios 

Difference m the rate of antibactenal action of the sulfonanndes and 
pentcillm An addioonal factor which should be taken mto considera- 
oon m choosmg a chemotherapeuoc agent is the difference m the rate 
of anobactenal action of the sulfonamides and pemcillm It has been 
demonstrated both m vitro and m the animal body that a lag phase oc- 
curs m the action of the sulfonamides For a period up to four hours 
or even longer, susceptible bactena exposed to an effecttve concentra- 
tion of a sulfonamide, multiply at a normal rate FoUowmg this initial 
lag phase, mulophcaoon ceases Under many circumstances this delay 
m bactenostasis may not be important On the other hand, m a rapidly 
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progressing infection such as fulminating meningococcal menmgitis, or 
m an infection not treated until considerably advanced, the lag phase 
m sulfonamide action might conceivably be sufficient to permit a fatal 
outcome Similarly, in infections caused by bacteria which produce 
potent exotoxins such as the gas gangrene anaerobes, the amount of 
toxm produced by the orgamsms m a massive area of infection durmg 
the sulfonamide lag phase, might also be senously detrimental This lag 
phase, so characteristic of the antibacterial action of the sulfonamides, 
IS not encountered with pemcdlm m vitro, and so far as present data 
go, does not occur to a significant degree in the animal body Under 
the conditions enumerated immediately above, pemcilhn would appear, 
therefore, to be a more appropnate therapeutic agent This view would 
appear to be even more vahd, if one adds to the lack of a lag phase the 
primary bactericidal properties of this drug as discussed earher, which 
require less active participation of the body defense mechanisms than 
m the case of the sulfonamides 

Summary 

1 The sulfonamide drugs are strictly bacteriostatic and require for 
their most effective action the participation of specific antibody and an 
active phagocytic system in cunng infections due to susceptible or- 
ganisms 

2 Pemcilhn exerts a direct bactericidal effect m the animal body 
as well as m the test tube, and hence its therapeutic efficacy is not as 
dependent on the development of specific unmumty as m the case of 
the sulfonamides This does not imply that specific immumty may not 
be very desirable as an adjunct to pemcdlm therapy under certam cir- 
cumstances 

3 Equal and marked susceptibihty of bactena to the effect of pem- 
cdhn m the test tube, even of members of the same species, as m the 
case of pneumococcus Types 1, 11 and III, does not mean that infections 
caused by them wdl respond equally well It should be noted that the 
same is true of sulfonamide therapy, smce bactena of the same suscepn- 
bdity m vitro, for example the above strains of pneumococcus, Types 
I, n and in, differ greatly m them response to the sulfonamides m the 
animal body 

4. Fadure of sulfonamide therapy m localized purulent infections, 
even though mtroduced directly mto them, is due m aU hkehhood to a 
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number of factors the presence of sulfonamide mhibitors, an unfavor- 
able pH, development of sulfonamide fastness, and the absence from 
the lesions of specific antibody and functional phagocytes 

5 Under certain circumstances the immediate antibacterial effect 
of pemciUin, as contrasted with the lag phase characteristic of the action 
of the sulfonamides, may be of importance m determining which thera- 
peutic agent should be used 
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AIR-BORNE INFECTION 
THE RATIONALE AND MEANS OF 
DISINFECTION OF AIR* 

Stuart Mudd 

Department of Bacteriology, School of Medicme 
University of Pennsylvania Philadelphia, Pa 



^sasasasssssWfjE prevention and control of acute disease of the respira- 
tory tract IS the most senous problem and at the same 
time the most urgent challenge that today confronts 
medicme in general and industnal medicme in particu- 
aS lar Although diseases and mjunes of occupational ongm 
have long claimed the chief mterest and attention of physicians m 
mdustry, it is now well established and generally recogmzed that m 
their frequency and importance non-occupational diseases far outweigh 
those conditions which anse from mdustry The latter are chiefly re- 
sponsible for stupendous losses m both time and money to employer 
and employee alike ” 

The sentences quoted opened an address by George Morris PiersoF 
at the Third Annual Congress on Industnal Health in January, 1941 
The acute respiratory infections are of course a challenge m family 


* Earlier articles by the present author Current Progress in Sterilization of Air Am Jour Public 
Health 34 378-586 (June) 1944 and Bnt Med J 2 67 70 (July 15) 1944, and ConEned Air as a 
Vehicle of Infection, Current Progress in Air Sanitation Med. Clinics of North Amenca W B 
Saunders Co , Phila., Nov , 1944, have been extensively dran-n upon in the preparation of this 
lecture 

This paper presented November 2 1944 at the Stated Meeting of The New York Academy of 
Medicine in the first A Walter Suiter Lecture 
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and military practice qmte as much as m mdustnal medicine Because 
quantitative data are available for mdustry, however, it will be con- 
venient to examine the consequences of respiratory disease with par- 
ticular reference to industrial disabihty Does examination of available 
data on mdustnal disabihty due to acute respiratory disease indicate 
that this challenge is being met in current pracuce^ Quite the contrary 
The frequency of sickness and non-mdustrial mjuries causing disabihty 
for 8 consecutive calendar days or longer among a very large sample 
of mdustnal workers over the years 1933-1943 has been analyzed by 
the U S Pubhc Health Service^-® Sickness absenteeism among males 
due to respiratory disease has shown a steadily mountmg rate since 
1938, the rate for 1942 was higher than m any previous year of the 
ten-year penod, 1933-42 For females the rate was steady from 1939 
through 1942 but at a high level In 1943® there was further stnkmg 
mcrease m frequency of the respmatory group of diseases, the male and 
female rates bemg 61 and 57 per cent m excess of the corresponding 
rates for 1942, and 78 and 58 per cent m excess of their 10 year means, 
covermg 1934-43 In the first two quarters of 1944 respiratory disease 
rates were just below their values for the corresponding quarters of 
1943 Influenza and grippe, bronchitis, acute and chrome, pneumonia, 
all forms and “other respiratory diseases,” includmg colds, sinusitis, 
laryngitis, pleunsy, asthma, and “respiratory mfecDon are chiefly re- 
sponsible for the excessively high total rate 

This high and mountmg rate of industrial disability from respira- 
tory disease has been maintained dunng the years of the present war m 
opposition to the long range trend m respiratory disease mortahty rates, 
this trend, with the notable exception of the years of the first orld 
War and influenza pandemic, has been downward smee 1900 

Whatever are the causes of this increasing rate of mdustnal disability 
due to respiratory disease, common sense cautions us not to seek the 
complete explanation m the conditions of work m mdustnal estabhsh- 
ments alone The packing of mdustnal and other workers in the ill- 
ventilated common earners, trams, street cars, and busses, since rubber 
and gasohne shortages have been over-taxing already taxed trai^orra- 
non facilities, certamly provides one superlanve opportunity for the 
spread of endemic and epidemic respiratory disease, crowded and con- 
fined places of amusement provide another 

In attempnng to form even a rough esnmate of the cost o t is 
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industrial disability, recourse may be had to smaller samples which have 
been subjected to more detailed analysis Figures for a pubhc utility for 
the period 1938-1942, mclusive, have been published,^ ® these show that 
days lost from respiratory disease are more than a third of the total 
days lost from aU causes of disability The absences lastmg one calendar 
day or longer m a sample comprising about 2,500 male and 550 female 
employees m a pubhc utility in 1942, yielded an average loss due to 
respiratory disease for males of 3 i days, for females of 4 3 days It is 
of course understood that the figures for one company cannot be taken 
as representative of conditions in American industries as a whole These 
rates may be either too high or too low To gam an idea of the approxi- 
mate cost, if these rates were representative, however, we may multiply 
these rates by the numbers of non-agncultural workers m the United 
States, these were approximately 26 milhon male and 14 miUion female 
workers This yields an approximate total (with the reservations men- 
tioned) of over 80 million man-days and over 60 million woman-days 
(or over 140 million person-days) lost to mdustry m the United States 
through respuatory disease m 1942 On the basis of 300 workmg days 
per year, this waste is approximately eqmvalent to the tune of 470,000 
persons workmg for a year 

The Bureau of Labor Statistics publishes monthly data on straight- 
tune hourly eammgs for manufacturmg mdustnes m the United States 
as a whole “ The author has computed an average daily earning by 
mulaplymg the straight-time hourly eammgs (80 5 cents) by 8, the 
normal workmg day m Amencan mdustry * On this basis the loss m 
wages due to respiratory sickness amounted to roughly $900,000,000 
per annum This does not mclude the expenses for medical care, over- 
head expenses ansmg out of idle machmery and mterrupuon in produc- 
Gon schedules, and other items 

The figures above are for 1942, it has already been mdicated that 
respiratory disease rates m Amencan mdustry m 1943 were even m 
excess of those m 1942 ® The average number of days lost from respira- 
tory diseases m the above pubhc utihty durmg 1943 was for males 4 5 
days and for females stx days’’^ The estimates for June 1943 of the 
number of employed non-agncultural workers m the Umted States® 

• It IS ttnfortunate that daily rates of pay are not available Since the fieure representing costs of 
time lost due to respiratory disease is at best only an approximate one the straight hourly earn 
ings (cccluding overtime canungs) are multiplied by 8 to secure a daily wage. It is recognized 
that ^is IS somewhat arbitrary 
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were males, 28 6 million, and females, 156 million Calculated on the 
same basis as above these data yield an approximate total of 128 million 
man-days and 93 million woman-days or over 220 million person-days 
lost to industry in the United States through respiratory disease in 1943, 
equivalent to a waste of the labor of about 740,000 persons working 
for a year The cost calculated as above would be almost i 5 billion 
dollars 

Although the desirabihty of amehorating disease responsible for so 
great a wastage in time, money and well-being would seem to be self- 
evident, this desirabihty has been questioned, notably in the interesting 
volume on “Air-Bome Infection” by Dwight O’Hara,” from vdiich 
we quote 

“From a sufficiently detached and objecave point of view it is pos- 
sible to look upon the present prevalence of respiratory mfecuon 
with some satisfaction and equanimity, for it is more responsible than 
any other factor for keeping the population ready and resistant to that 
greatest cold — pandemic influenza — which might otherwise be a much 
more frequent and deadly visitor the writer prefers to thmk of them 
(the costs) as a reasonable price paid for the presen’^ation of some 
semblance of respiratory resistance, for an initial resistance to invasion 
may be cheaper to maintam than to dispense with, biologically as well 
as socially and pohucally Let us not be too impatient with our 
yearly colds they keep us from becoming immunologically soft, as we 
assuredly do when we successfully isolate ourselves from them for any 
long period ” 

However, influenza virus of Types A and B are currently each 
bemg used successfully for active immunizanon against epidemic hu- 
man influenza of corresponding t)q3e Cross protection is not demon- 
strable benveen types A and B The causal agent of pandemic influenza 
IS unknoum The jusnficanon for assuming that the miscellaneous and 
miserable respiratory episodes of the winter months afford protection 
against pandemic influenza is therefore not apparent to the present 
uTiter Certainly \ve would not do well to rely upon such haphazard 
means It seems to the writer more likely, indeed, that the emergence 
of pandemic influenza is preceded by the appearance somewhere in the 
world of a mutant virus of pecuharly high communicability In this 
case the prevailing condinons permitang universal dissemination of res- 
piratory flora are less a safeguard than an invitation to disaster 
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Against what, then, might we become “immunologically soft”, lack- 
ing the banal respiratory infections^ There is evidence that the virus or 
viruses of the common cold do afford some transient increase in resist- 
ance, but this does not last for most persons even through a smgle win- 
ter, and can hardly be regarded as of long range value Is it agamst the 
common bacterial secondary invaders, pneumococci, hemolytic strepto- 
cocci, influenza bacilli or staphylococcus^ Protection against inva- 
sion by each of these bactenal species is known to be specific for type, 
and fifty odd types of pneumococci,^® forty odd types of Streptococcus 
pyogenes^^ and at least six types of Heimphihis mflnenzae^- are now 
recognized It is possible that a useful degree of resistance against the 
prevaihng flora might be built up temporarily withm an isolated popu- 
lanon, such as that on a ship at sea, but m ordinary life, with mnumer- 
able opportunities for interchange of respiratory flora at work, on the 
way to and from work, and in homes and places of recreauon, there 
seems to be httle bactenological or immunological basis for expecting 
benefit from infection Moreover the respiratory pathogens are not well 
adapted to propagation or even long persistence on normal mucous 
membranes Reduction of the means of dissemmation of pathogens 
would unquesuonably result in a reduction of morbidity, and a cor- 
responding reduction in earner rate and in the prevaihng prevalence 
of infectious agents 

Nor do relevant epidemiologic facts sustam the argument against 
suppression of the vehicles of respiratory mfection Rates of respiratory 
disease, as is well known, tend to show a lesser early winter and a 
greater late Mnnter peak The early wmter peak doubtless reflects re- 
newed exposure of a population wnth a dinunished resistance against 
certain pathogens, but the peak m the late Avinter or early spring is 
charactenstically higher both ^vlth respect to morbidity and to seventy 
of complications, and this unquesaonably reflects the widespread dis- 
semination during the wnnter of viral and bacterial pathogens Finally 
there is the actual record showing a steady buildmg up of rates of 
respiratory mfection from 1938 through 1943, contrary to the long 
range trend If an effective resistance were purchasable at the pnee of 
frequent infection, this should automatically check the rise in infection 
rates Infection rates on the contrary have continued upward even at an 
accelerating pace under condiuons in the war years ® 

Carrying the thought further, it seems unhkely, too, that abolinon 



THE BULLETIN 


398 


of water sanitation or pasteurization of nidk would be advocated on the 
grounds that these measures make us “immunologically soft” with 
respect to intestinal infection (although X E LaMTence in his Seven 
Pillars of Wisdom does smile at the expense of newcomers to Arabia 
because they cannot dnnk with impumty from desert water holes) 
Vaccmation can keep the immunologic mechanism m function, if 
necessary, more surely and more systemancally than can haphazard 
natural infection 

‘Sufficient unto the day is the evil thereof ” The evils of respiratory 
infection are unequivocal, m the author’s belief the means of dissemina- 
tion of respiratory disease agents should be attacked whole-heartedly, 
uninhibited by concern over remote possibihties should we succeed 
beyond our hopes In fact what is done m the next decades to under- 
stand and control air-bome infection may be taken as a significant mdex 
of how well we have learned one lesson of the war, that the broadest 
possible development of pure and apphed science is fundamentally 
related to nauonal secunty and well-bemg 

Relationship Between Respiratory Disease 
AND THE InFECTIOUSNESS OF AlR 


Persons sneezmg, coughmg, or even speaking loudly expel into the 
air large numbers of nuntlte droplets which may contain in a viable 
and infective state any pathogemc bactena or viruses present m their 
oral secretions The larger of these potentially infectious droplets have 
a flight range of about a meter, they are conspicuous, are easily recover- 
able on bactenological plates, and their abihty to transmit respuatory 
infection is obvious When droplets or sputa have dned on solid surfaces 
them residues may become the source of infective dust 

The role of droplets was notably stressed by the German hygienist 
Flugge m 1897,^® and the doctnnes of “droplet-infecoon” and dust- 
infecaon, or transmission of respiratory mfecoon by droplets and by 
infective dust dormnated thinking m regard to respiratory disease for 
thirty years* 

The greater part of the potentially infecnve matenal expelled by 
persons mro the au, however, is not contained in droplets visible with- 
out special means, but m smaller droplets which evaporate almost in- 


. ArhinlU however FluEge himself appreciated the importance of im.sible droplets accompanrinc 
^he parser 3e dropfets, these he^^recogn.red may persist m air for hours and reach distant 

parts of enclosed spaces 
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stantaneously The basic expenmental demonstration was made by 
Wells“’^® in 1933-1934 that much of the enormous germ-load conveyed 
to the atmosphere by the evaporated residues (“droplet-nuclei”) of 
these finer droplets, remams viable for hours or even days m the air of 
enclosed spaces and is wafted about like smoke to convey pathogenic 
bactena or viruses to those who share the confined air 

The atomizmg of mouth and nose secretions mto the air has lately 
been revealed with dramatic vividness by high-speed photography 
Many such photographs analyzed by Jenmson showed in each sneeze 
about 20,000 droplets, ranging m size from about 10 m to about 400 
between 40 and 80 per cent of these droplets were estimated to have 
diameters less than 100 m and hence to be of the size which evaporated 
m the air to form potentially infective “droplet-nuclei ” Photographs 
of sneezes through surgical masks of mcreasmgly fine mesh show in- 
creasmg efficiency in screening out droplets Other pictures suggest 
that conscious effort m saflmg a sneeze with handkerchief or even ivith 
the hand can matenally reduce the germ-load conveyed to the air and 
the resultant pubhc health hazard Contammation of the aur is not 
limited to sneezes, as is illustrated by photographs which show the 
droplets resultmg, respecavely, from a cough and from enunciating 
loudly the consonant F Jennison’s analysis shows that coughing or 
loudly spealong the consonants F, P, T and S may produce from a few 
dozen to a few hundred droplets The subject has been comprehensively 
reviewed by Jenmson 

The enormously important role of pathogens floatmg m confined 
air in the dissemination of respiratory disease has now been adequately 
documented by animal expenments, by observ^auons in controlled 
human environments, and by epidemiological deductions, the evidence 
to 1941 has been convemently assembled in the volume Aerobiology ^ 
published by the American Association for the Advancement of Science 
with the aid of the Committee on Aerobiolog)'^ of the National Re- 
search Council 

Any attempt to appraise current progress in the sterilization of aur 
must, however, take account of the historical background Members 
of the medical profession who now occupy responsible positions in 
pracnce, in teaching and m administration have been thoroughly trained 
m the doctnne of “droplet-mfection ” Recogmtion of the greater im- 
portance of true air-bome mfecaon has only come nothin the past ten 
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years, and has deeply impressed only the relauvely small number of 
those who have seriously examined evidence which is either very mod- 
ern or very old, (of course important foundations of the germ theor)’’ 
of disease were laid by the studies of Pasteur, Tyndall, and others on 
microorganisms in the air) Lack of a more insistent demand on the 
part of the medical profession for practical solution of the problems 
of air-bome infection might seem incomprehensible if this background 
were lost sight of Lacking adequate demand by many promment 
members of the medical profession for progress m securing pure air 
supplies, hygienic practices, as well as social customs, from the stand- 
point of health at least, have somewhat neglected the mam point The 
pomt IS that, just as intestmal disease has m considerable measure been 
controlled by reducmg the germ-load of water and milk, for the con- 
trol of air-bome respiratory disease practical measures for reducing 
the germ-load of confined air must be msntuted 

The technical devices used for quantitative estimation of the germ- 
load of air are currently subjected to critical companson by du Buy 
and Hollaender Determination of the number of microorganisms 
m a given air volume is performed by samplers which follow one of 
two principles impingement on solid media or atomization m liquid 
media The group of atomizing devices gave bactenal counts from lo 
to 30 times higher than the impinging devices Analysis of this differ- 
ence showed that it was mainly due to the fact that air-borne micro- 
organisms may occur m clusters, each cluster is counted as one colony 
m the impmging devices but the clumps are more or less broken up in 
the atomizing devices The authors recommend that 

“Information on the manner m which microorganisms occur in a 
certam airspace should therefore cover the following points 

1 The total number of orgamsms present, singly or in clusters An 
approximation to this number is given by the atomizing devices 

2 The number of parades or droplet nuclei, which contain micro- 
organisms, either smgly or in clusters, and which remain suspended in 
the air or are in the process of settlmg This number is approximated 
by the impmging devices 

3 The number of parades or droplet nuclei, containing micro- 
organisms, which are heavy enough to settle through gravity The open 
plate method supplies this informaaon ” 
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Continuous Disinfection of Air 

Effecnve conanuous disinfecoon of the air of enclosed spaces has 
already been sho^^Tl to be practicable where conditions are favorable 
and Avhere the problem is approached with adequate determination 
and technical facibaes and skill The pracncal means are physical 
(ultra-violet radiation/^’ dust-suppressive measures^’ and chemical 
(germicidal vapors"^ -^) Doubtless physical and chemical means \vill 
each find appropnate place as mutually complementary measures in 
the fully matured art of providing non-infectious air in our future 
homes, transport vehicles, and places of work and recreation Ultra- 
violet Radiation Application of ultra-violet radiation to disinfection of 
air has been s)'^stematically reviewed in the A A A S volume on Aero- 
biology The physiological and the germicidal effects of ultra-violet 
radiation, and the charactensucs and standardization of commercially 
available ultra-violet sources are presented m detail Successful applica- 
tion of ultra-violet irradiation to reduction of wmund infections in the 
operatmg room are presented by Deryl Hart, the pioneer in this field, 
and by Kraissl and Wilson of Columbia Cross-infections in hospital 
W'ards and m children’s nurseries and schools are revietved and analyzed, 
and success m reduction of these cross-mfecnons by appropnate use 
of ultra-violet irradiation is recorded More detailed analyses of suc- 
cessful control of childhood contagions in schools have been published 
by Wells, Wells and Wilder,-® and by Wells and MTUs-' 

More recent records of germicidal action against bactena and 
viruses by ultra-violet radiation m a children’s hospital, with reduction 
m cross-infection, have been published by Robertson, Doyle, and 
Tisdall,-® by Sommer and Stokes,-® and Henle, Sommer, and Stokes 
The Council on Physical Therapy of the American Medical Association 
has found ultra-violet lamps acceptable as an adjuvant in the disinfec- 
tion of air,®^ and commercially available burners and fixtures of several 
tjqies have been approved by the Council®- for use in the operating 
room, hospital nurset}'', and hospital tvard 

The statement of the Council on Physical Therapy on acceptance 
of ultra-violet lamps for disinfecnng purposes contains carefully con- 
sidered appraisal of the present status of the practical art Pertinent 
statements are quoted below 

“At the present juncture the design and installation of ultra-\iolct 
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lamps m their fixtures for disinfecting purposes is empincal and the 
adequacy of dismfection by any given mstallanon of lamps must be 
judged by climcal experience For example, clinical evidence has been 
submitted to the Council showmg that, m a scarlet fever Avard (size 
about 6o by 27 by 1 1 feet) containing sixteen cubicles, four lamp units, 
each one emittmg a radiant flux of 30 microwatts per square centimeter 
at I meter, were found inadequate, but eight lamp umts in the ward, 
each umt protectmg tvim cubicles, and a mnth unit at the entrance, 
prevented cross-infection This is a rather high intensity (requiring 
twenty minutes calculated time to produce a minimum perceptible 
erythema) mcident on a person of average height, standing directly 
under a lamp fixture suspended from a ceihng of average height A 
greater number of lamps, each one of lower ultra-violet mtensity (say 
20 microwatts per square centimeter at i meter) and lower power 
mput, more evenly distributed throughout the room should be safer 
and equally efi 5 cient in disinfectmg the air This is a matter of engineer- 
ing design, beyond the scope of the Council’s purview 

“Smce the ultra-violet emission from the low vapor pressure mer- 
cury discharge tube is practically homogeneous radiaaon of wave- 
length 2,537 A, such a lamp can be readily cahbrated in absolute value 
and used as a standard The mtensity at i meter may be only one-fifth 
of the Council’s unit, or 20 microwatts per square cenumeter, for 
safety to the occupants This will requue a minimum exposure of two 
hundred and fifty to five hundred seconds for adequate disinfection, 
which will depend on the rate of cuculation and average distance of 
the air m front of the lamp Evidence has been submitted to the Coun- 
cil showmg that cross-infection in a contagious ward may be prevented 
by usmg a sufficient number of lamp umts, each unit having an intensity 
of 30 microwatts per square centimeter at a distance of i meter from 
the burner This xvill require an exposure of one hundred and sixty- 
seven to three hundred and thirty-four seconds for adequate disinfec- 
tion, which imphes a slow movement of the air in front of the lamp 
mstallation 

“The use of ultra-violet radiation for dismfectmg au in industnal 
plants, barracks, school rooms, assembly halls, refngerators and so on 
also appears to be outside the Councd’s punnew In fact, at this junc- 
ture the xvhole question of the use of ultra-violet radianon for disin- 
fectmg purposes is too complex and too little understood for the 


Air-Boiiie Infection 


403 


Council to do more than attempt to keep the medical profession in- 
formed regarding particular ultra-Molct lamps that are acceptable for 
use m this method of disinfecting air in hospitals, nurseries and operat- 
ing rooms (relatively free from dust) as practiced by present day 
empincal methods ” 

It must be emphasized that the Council’s acceptance statement does 
not prejudge the applicabihty and the usefulness of ultra-violet radia- 
tion to the problem of disinfecting the air of industrial plants, offices, 
assembly haUs, railroad cars, etc It emphasizes, however, that the speci- 
fications of engmeenng design and other features determining the 
adequacy and safety of the practical art must be further developed and 
apphed before evaluation will become possible 

Another paragraph of the Council’s statement discusses responsi- 
bility for design of installations 

“It is to be noted that a lamp used for disinfecting purposes is a 
single umt m an installanon, and that compliance of the ultra-violet 
output of a single lamp unit wnth the Council’s requirements does not 
insure adequate radiant disinfecaon or the safety of the occupants of 
the room m which an installation of such lamps is in actual use Ob- 
viously the manufacturer and distributor of such lamps must assume 
some responsibibty for the adequacy of the lamp installation for pur- 
poses of radiant disinfection of the air and for the adequacy of the 
protection from injury of the occupants of the space irradiated Con- 
cerning these questions the Council cannot undertake super\ision or 
assume responsibility for the satisfactoiw performance of any particular 
installation ” 

The Senior Biophysicist of the Dmsion of Industnal Hygic— _ 
National Institute of Health, (who also is Referee for the A RICA- 
on Dismfecaon of Air by Ultra-^■lolet Irradiation), has c-rCciM j 
rcNnew ed applications, precautions and limitations of the u'-c '■ •* i.~r— 
violet irradiation to disinfecnon of air=-'=‘ The statcr-c" 

Council on Physical Tlicrapt is quoted warh appro ah 
the manufacturer and distributor Oi such lamp^ me ^ v 
responsibibty for the adequaev of the lamp mstalkti'r- 
of radiant disinfection of the air. and lOr the adco-"- 
tiou from injur}'’ of the occup-nts o. 

Acceptance by the architects. J 
pro\ mce air hygenc may be 
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of responsibility for elaborating specifications for proper design and 
servicing of installations would be an important step toward develop- 
ment of a pracucal art of air hygiene In this connecuon it is encourag- 
mg to note the recent formation of a Technical Advisory Committee 
on Air Sterilization and Odor Control of the American Society of 
Heating and Ventilating Engmeers^® 

The efficacy of ultra-violet urradiaaon in killmg au:-bome bacteria 
and viruses under condmons m which the air is relatively free from 
dust and hnt has been confirmed m Great Britain by Andrewes and 
others®” and by Edward, Lush, and Bourddlon The difficulty of disin- 
fectmg dust-laden air by this means has also been emphasized Andrewes 
et al suggest the combination of air filtration and ultra-violet irradia- 
tion in recirculation systems and for certain special purposes 

Complete success m controlling the spread of a specific air-bome 
disease under ngid expenmental conditions has recently been recorded 
by Lurie A rabbit colony, 7 3 per cent of whose unprotected control 
animals developed progressive tuberculosis, was completely protected 
from tuberculosis by ultra-violet irradiation over the period of the ex- 
periment (almost a year) The author concludes 

“The contagion of tuberculosis m these studies is air-bome and the 
radiant energy exercises its protective mfluence by its bactencidal prop- 
erties It IS probable that ultraviolet irradiation may control au--bome 
contagion of human tuberculosis ” 

A factor of critical importance m determimng practical success or 
failure is illustrated by recent experiences relanng to control of colds 
The Cradle Society m Evanston, Illinois, erected in 1939 a new build- 
ing specifically planned m reference to controlling respiratory infec- 
tion®” Infants are cared for from shortly after birth until adoption 
The normal mfants receive care under strictest nursing precautions in 
wards of three types ( 1 ) units provided with modem air-conditioning 
but (from 1939 to 1942) without addmonal protection, (2) similar 
aur-conditioned umts protected from air-bome infection by ultra-violet 
uradianon of the barner type designed by W F Wells, (3) air-con- 
diGoned umts protected by special mechanical means designed by J A 
Reymers 

Primary mtroductions of colds mto the instimtion occurred through 
nurses contractmg colds and by admission of new infants with colds 
Infecaons contracted from these infected sources were for three years 
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pracncally limited to the air-condinoned control umts, as shown m 
Table I At this ame it seemed no longer jusnfiable to continue the 
air-conditioned units without further protection and ultra-violet burners 
of the wall-bracket type for upper-air irradianon were installed in the 
control wards Since then secondary respiratory infections have been 
negligibly few in all units Bactcnological studies by Iwan Rosen- 
tcm^”' of the air of the several units under various expenmental con- 
ditions have been entirely in harmony with the clinical results 

In contrast to these successful results in controlling the spread of 
colds among fully mstituuonalized infants is the expenence with colds 
in primary schools recorded by Wells, Wells and \\ ilder These 
invesngators were successful with ultra-violet irradiation in controlling 
childhood infections whose source of contagion is in school, but un- 
successful m controlhng colds, presumably because there w as adequate 
opportuniH'^ to contract the colds in unprotected environments outside 
the school, as shoa\ n bv a uniform daily incidence of colds throughout 
the week 

Tire critical importance of proper design and adequate intensm of 
irradiation has been illustrated in a current study of the control of 
air-bomc mfecnon in a naaal training stanon at Sampson, New York 
T\\ o sets of barracks \\ ere equipped x\ ith burners arranged to irradiate 
the air of the barracks abo\c c\c Icicl and the floors nith ulrra-\iolet 
radiation One set of barracks receixed radianon of rclatiielv high in- 
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tensity, the other of relatively low intensity Average intensities in both 
cases, however, were not higher than the levels set by the Council on 
Physical Therapy, the high intensity exceeded the Iom'^ intensity level 
by less than two-fold Similar barracks were maintained as unirradiatcd 
controls in each case Exceedingly careful epidemiological analysis 
showed that the ultra-violet irradiation of high mtensity was accompa- 
med by a statistically significant reduction of 25 per cent of respiratory 
illness, whereas respiratory illness in the low intensity barracks did not 
differ significantly from that m the umrradiated controls 

In view of the critical importance of proper design of ultra-violet 
mstallations in govemmg adequacy and safety, it is fortunate that sig- 
nificant progress is bemg made in the formulaaon of specifications. 
Notable advances in this respect have recently been reported by Wells^^ 
and by Buttolph ‘‘‘ Although these matters are m the field of engineer- 
ing and outside the scope of this lecture, their miportance m deter- 
mmmg the success or failure of the practical art of air sanitation can 
hardly be overemphasized 

Genmctdal Vapors The spraying of germicides mto the air was of 
course a part of the technique of antiseptic surgery Modem interest in 
germicidal mists was samulated by the demonstration by Douglas, Hill, 
and Smith,^^ Trillat,'^^ and Masterman'*^ that certain bactericidal sub- 
stances, e g NaOCl and a number of phenolic compounds, when dis- 
persed in the air as fine mists or aerosols exerted a highly lethal effect on 
air-bome bacteria Twort, Baker, Finn, and PowelP^--^" found that 
hexyl-resorcinol dissolved in propylene glycol made a highly effective 
and sausfactory aerosol 

An inclusive and pracucal discussion of the problems of air-bome 
infection and means for its amelioration in war-nme Britain has been 
presented by Andrewes and others"” Concerning gemiicidal mists and 

vapors they conclude 

^^Hexyl-resorcmol m propylene glycol has proved perhaps the most 
effective under laborator)^ conditions, but unfortunately neither the 
antisepnc nor its solvent is at present readily enough available* m large 
amounts to warrant its introduction except for special purposes 

Considerations of economy and practicability as well as of efficacy 
have ser^^ed to focus attenaon in Bntain on the geraiicidal value of 

r^yUe^orcnoI .. at available .n Km, ted amounts and tho Ebcols arc asa.Iabk m large 

amounts m the Umted States 
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hypochlorites and hypochlorous acid Actually the use of hypochlorites 
for purification of aix was first tried in England as early as the influenza 
pandemic m 1918 Masterman’*® reviews m detail the early history and 
vanous controversial aspects of the use of hypochlontes for air puri- 
ficanon He descnbes an atomizmg device (Dynalysor) as already m* 
successful operation “For many months the Dynalysor has been suc- 
cessfully employed for hypochlorite spraymg in hospitals, ofiices, and 
other mhabited rooms, and air purification by hj'pochlontes is not a 
scheme Stnth defimte possibihaes’ but a successful f^rrt accoinph " Alas- 
terman concludes that HOCI gas is the active germicide m hypochlonte 
spraymg 

Bourdillon, Lidwell, and Lovelock^® have reported success with 
hypochlorite atomized by a hand spray m disinfectmg aur contaminated 
by sneezmg They note certam unfavorable conditions, “such as low 
relative humidity or high content of organic matter m the air, which 
may hmder the action of hypochlonte sprays ” They also note prom- 
ising results from vaporized lactic acid^° 

Edward and LidwelF^ report favorable tests on stenhzaaon of air- 
borne mfluenza virus with hypochlorous acid gas 

“A concentration of i vol of gas m 2 million vol of air is probably 
effective m destroymg 99 per cent or more of virus particles when the 
proportion of these m the air is small Preliminary experiments on mice 
and cats are recorded which failed to reveal any toxic effects produced 
by mhahng the gas m relatively high concentrations or for prolonged 
penods Acute irritation of mucous membranes only was found This 
did not appear to lead to any mcreased susceptibility of mice to sub- 
sequent infection with influenza ” 

Explorauon of the possibihties of continuous disinfection of air by 
chemical substances has made and is making rapid progress in Amenca 
through the work of O H Robertson and his associates They deter- 
mmed that certam of the glycols alone, notably propylene glycol-® and 
triethylene glycol, provided promising means for continuous disinfec- 
tion of air Tliey demonstrated that the germicidal action depended, not, 
as earlier supposed, upon collision of fluid droplets with air-bome bac- 
teria, but upon condensanon of hygroscopic glycol molecules upon air- 
borne droplets contammg bactena One gram of propylene glycol 
dispersed as vapor m 5 or 10 miUion ml of air and i gram of methylene 
glycol vapor m several hundred million ml of air was found to kill 
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pathogenic respiratoiy bactena and the virus of influenza m air m sec- 
onds or minutes Rat and monkey colonies kept constantly in atmos- 
pheres saturated with vapors of propylene glycol for periods up to 
eighteen months, and triethylene glycol up to a year suffered no ill 
effects detectable by observation or microscopic exanunauon'"’ and the 
anmials bore young “ 

“The germicidal activity of glycol vapors is markedly influenced 
by certam environmental factors, the most important of which is at- 
mosphenc humidity A dry atmosphere is unfavorable Likewise desic- 
cated bacterial particles are not as susceptible to the vapor acnon as are 
moist ones It has been found that the glycols are most effective at 
relative humidities between 40 and 60 per cent ” 

Subsequent work by Bigg, Jennings, and Fned'’®''^^ places the rela- 
tive humidity for maximal germicidal action of glycol vapors at from 
30 to 50 per cent These and subsequent papers^'- indicate the types 
of apparatus that are being developed for dismfection of the air of large 
enclosed places by glycol vapors 

Careful mvestigation of the possibility of fire hazard resulting from 
the dispersal of glycol vapors mto the atmosphere of enclosed spaces 
has also been made by Bigg, Jenmngs, and Fried These authors con- 
clude 

“In the vapor-phase concentranon requned for air sterilization, pro- 
pylene and triethylene glycol offer absolutely no fire or explosive haz- 
ard The addition of water to these substances greatly reduces the 
possible fire hazard produced by their presence m storage or vaporizing 

devices ” 

Most recently, pracacal apparatus”®’®^ has been constructed and 
utilized for mtroducaon into the air of properly humidified glycol 
vapors Boiling glycol-water solutions are maintained automatically at 
any desired relanve concentranon The vapors emitted from such boil- 
ing solunons are of constant composition and are bactericidal A pre- 
determmed rate of delivery and concentration of water and glycol 
vapor may be accurately produced by varymg, respectively, the heat 
mput and the temperature of the boihng mixture Apparatus of this 
type has been given laboratory trial and also pracncal test m large 
domitones The authors’"*’' conclusions are quoted in detail 

“Bactencidal quantioes of glycol vapors can be maintained m large 
occupied spaces for long penods of nme It has been shown that glyco 
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vapors can be uniformly distributed m large rooms A means for gen- 
eratmg glycol vapors m controlled amounts is described The occupants 
of treated rooms expenence no discomfort due to glycol vapors Tri- 
ethylene glycol is preferred over propylene glycol because much smaller 
amounts of the former are bactericidal Optimum bactencidal concen- 
trations required with methylene glycol range from o 003 to o 005 mg 
per liter of air Relative humidities in the range 25 to 60 per cent are 
required for optimum bactericidal acaon 

“Records were kept of the number of men from each dormitory 
contractmg diseases beheved to be air-bome Studies of the hospital 
records mdicated a noaceable reduction of infections m the test dor- 
mitones The results were very encouraging and further carefully con- 
trolled observations with larger groups are being planned ” 

Chmcal apphcanon of glycol vapors durmg the Munters of 1941- 
1942, 1942-1943 and 1943-1944 are recorded by Hams and Stokes”® °° 
workmg at the Children’s Seashore House in Atlantic City This con- 
valescent home has a relanvely stable population and the children in 
the wards are confined to their beds and thus subject to a minimum of 
contact or direct-droplet infection EApenmental and control wards 
were carefully matched, control and glycol-vapor wards were alter- 
nated for three week penods throughout the respiratory season 111 
effects were not encountered The germ-load of the air was showm to be 
greatly reduced by the glycol vapors as judged by direct plate counts 
In the preliminary study two respiratory infections occurred m the 
vapor-contammg ward as compared with sixteen m the analogous con- 
trol ward During the second winter five respiratory infections occurred 
m the vapor-containing wards as compared with 100 in the similar 
control wards without glycol vapor Dunng the season of 1943-1944 
respiratory infections were m the ratio of 6 in the vapor containing to 
1 6 in the control wards 

“The concentration of propylene glycol vapor in air was mam- 
tamed m the neighborhood of one part m 15,000,000 (o 069 mg /liter) 
Concentrations at vanous nmes and m different parts of the expen- 
mental wards ranged from o 048 mg /hter to o 094 mg /liter 

“In the case of m-ethylene glycol the maintenance of a satisfactory 
concentration presented a greater problem, because of the narrow range 
between bactencidal concentration and precipitating concentration 
mentioned above In the absence of sensitive methods for regulating or 
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measunng concentrations of tn-ethylene glycol vapor in air, a rate of 
vaponzaoon sufficient to disinfect the air to a considerable degree was 
often found to produce precipitation of glycol on windows, floors and 
objects in the ward The concentrauon of this vapor in air ranged be- 
tween 00018 mg /liter and 00033 nig /liter 

“The difficulues encountered in this study in the use of tri-ethylene 
glycol are due largely to the early stage of engineenng development 
of the field, and to the relaavely small size of the enclosed spaces 
involved In a larger volume of am the fluctuations in glycol concen- 
tration caused by occasional opemng of doors, etc , would be propor- 
tionately smaller and the concentration could be maintained in a 
narrower range The ultimate development of devices to regulate the 
rate of vaporization of tn-ethylene glycol by the concentraaon of the 
vapor present m air at the moment may obviate the difficulties in using 
this disinfectant and permit workers to take advantage of its higher 


potency 

“At the present wnting, however, it would appear that in the ab- 
sence of refined devices to regulate the rate of vaporization of glycol, 
propylene glycol is the agent of choice m small wards, offices and 


spaces of similar size ” 

In his report as Associate Referee on Disinfecnon of Air by Germi- 
cidal Vapors and Mists, Professor O H Robertson wntes 

“Practical apphcation of the use of glycol vapors for the purpose 
of controlling air-bome mfecaon has had to await the construction of 
smtable apparatus for the dispersion of glycol vapors into large en- 
closed spaces and the development of an instrument to control auto- 
matically the concentration of glycol vapor in the air Rapid progress 
IS bemg made m the solution of both these problems 

Types of vaporizmg device for large spaces, for smaller 
spaces'"'- and means for the regulation of vapor concentration- are 

m process of elaboration and trial 

Du^t S7(ppress!077 Consideration of the air as a vehicle of mfecdon 
\vould be ver}’^ mcomplete without reference to the importance of dust, 
both as a earner of pathogenic bactena and viruses and as a shield of 
air-bome pathogens against the means used for dismfecnon of air, such 
as ultra-violet radianon and germicidal vapors British invesngators-^’ 
m particular, workmg under warome conditions, have found dust a 
ver>^ senous obstacle to application of measures for disinfection of air 
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They have introduced practical methods for reducing dust from floors, 
textiles, and bed clothes by treatment \vith light paraffin oils 

Results of practical trials of the effect of suppression of dust by 
oilmg have recently been recorded Measles, a catarrhal disease, often 
complicated by hemolytic streptococcal infection, affords conditions 
in which a patient’s surroundmgs are particularly apt to be contami- 
nated by streptococci which remam viable and may readily be redis- 
persed m dust 

“An investigation mto the control of dust-bome haemolytic strep- 
tococci was earned out m wo measles wards of identical design durmg 
the spnng of 1943 In the Teit Ward, durmg a three-weeks prehmmary 
penod, the floor alone was oiled Dunng a subsequent nine-weeks period 
bed-clothes, patients’ garments, and all other woolen and cotton ar- 
ticles in ward use were treated regularly with emulsions of technical 
white oil, and the floor was re-oiled at intervals In the Control Ward 
no and-dust measures were taken In both wards the an* was sampled 
for total bacteria and for haemolytic streptococci during bed-makmg 
and sweepmg, and the streptococcal cross-infecdon and compheadon 
rates were recorded and analysed In assessing the cross-infection rate 
Type 6 streptococcus was adopted as the ‘indicator organism,’ since 
in the two wards it accounted for 90 per cent of the cross-infections 
and for all the middle-ear complications occurnng after admission 

“In the Test Ward, while the floor alone was oiled the Type 6 
cross-infection rate was 58 i per cent, compared with a rate of 53 3 
per cent m the Control W ard In each ward the middle-ear comphea- 
don rate due to Type 6 was 1 8 4 per cent Haemolydc streptococci 
were numerous m the air of both wards dunng bed-making, the pre- 
dominant strain being Type 6 Thus oilmg of floors alone was not 
sufficient to control the spread of dust-bome haemolydc streptococci m 
measles wards 

“In the Test Ward, while the full and-dust measures of oiled bed- 
clothes, garments, etc , and oiled floor were m force (a) the mean 
haemolydc streptococcus count m the air durmg bed-makmg was re- 
duced by 97 5 per cent, (b) the mean bacterial count m the air durmg 
bed-makmg was 91 per cent less, and the mean haemolydc streptococcus 
count 98 per cent less, than m the Control Ward, (c) the mean bac- 
terial count m the air dunng sweepmg was 92 per cent less, and the 
mean haemolydc streptococcus count 99 per cent less, than m the 
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Control Ward, (d) the Type 6 cross-infection rate was i8 6 per cent, 
while in the Control Ward it rose to 73 3 per cent, (c) the middle-ear 
comphcauon rate due to Type 6 was 2 8 per cent, compared wnth 14 3 
per cent in the Control Ward Thus the oiling of all bed-clothes and 
ward-Imen, m addition to the oiling of floors, effectively controlled 
dust-bome streptococcal infection in measles wards Cross-infection 
from direct contact or mediate means ivas not prevented by anti-dust 
measures 

“A high streptococcal infecaon rate occurred m spite of intensive 
sulphonamide prophylaxis The cross-infectmg Type 6 strain was found 
by m intro tests to be sulphonaniide-resistant ” 

A complete and practical technique for the applicauon of dust- 
laymg oils to blankets, sheets and other woolen and cotton fabncs has 
been worked out in the laboratories of the British Launderer s Research 
Associanon 

In another Bnash study®^ the wooden floors of all barrack-rooms, 
sleeping huts, offices and lecture-rooms in a military traimng center 
were treated with spindle oil at regular intervals The floors of a similar 
unit were left untreated as a control Careful weekly records were kept 
of all men reportmg sick with a respiratory infection during the seven- 
teen weeks ending March 27, 1943 The respiratory infection rate was 
7 per 1,000 men m the unit with oiled floors, 38 per 1,000 m the control 
umt The oil used was non-inflammable, caused no unpleasant smell 
and made the floors easier to keep clean “The regimental officers and 

men welcomed the oihng of the floors 

Robertson and co-workers® ’ have recently reviewed the literature on 
dust-suppressive measures in relation to cross-mfections in hospitals and 
mihtary establishments Practical means and techniques are considered 
in detail A test is reported on the effect of oilmg floors and bed clothes 
on the mcidence of acute respiratory diseases among 5500 troops in the 
test barracks and a similar number in the control barracks over a ten 
weeks penod An average weekly reduction of 24 per cent in hospital 
admissions for respiratory disease was obtained in the treated barracks 
In the test groups whose controls had a high rate of infecnon, average 
weekly reductions in hospital admissions of over 50 per cent and of 
dispensary visits for respiratory infections of 37 per cent, were obtained 

Expenments on the reduction of the infectivity of dust by floor 
irradianon mth ultra-violet have been instituted by Hollaender, du 
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Buy, Ingraham, and W^heeler As a result of these experunents they 
suggest that “floor irradiation be combined with ceding irradiation m 
practical tests in barracks or hospital wards to detemune the effect of 
any ultra-violet irradiation m lowenng morbidity rates or preventing 
cross-infection ” They caution that “if such experiments be attempted 
It must be borne in mind that certam types of floonng may prove to be 
capable of reflecting sufficient amounts of ultra-violet to cause harmful 
effects ” 

Thus rationale and scientific basis have already been laid down for 
three independent types of measures for controlhng the dissemmation of 
disease agents through the air— ultra-violet irradiation, germicidal vapors 
and dust suppressive measures Each has been shown capable, under 
appropriate condmons, of reducmg sigmficantly the incidence of respi- 
ratory infection Doubtless all of these measures, smgly and in combi- 
nation, wdl find thetr places m the matunng practical art of air 
samtation 

Studies directed primarily against the secondary reservoirs of infec- 
tion m floor dust, the lint of bed clothes, etc , have for the most part 
used the dissemination of hemolytic streptococci as a pnmary cntenon 
These disease agents, because of their chain structure, are quick to settle 
out of the air, and they remain viable for extended penods The use of 
hemolync streptococci as mdices, therefore, may tend to overemphasize 
the relative importance of dust and underemphasize the importance of 
droplet nuclei m the over-all picture of air-borne infection 

A recent study®’^ of the seasonal patterns of certain infectious diseases 
mdicates that methods directed against air-bome “droplet nuclei” and 
those directed against the secondary reservoirs of pathogens may have 
qmte different values in respect to the suppression of different disease 
agents The author concludes 

“The seasonal patterns of spread of measles and chicken pox, while 
differing markedly from each other, are both entirely compatible with 
the theory, outhned at the beginmng of this paper, of transmission by 
air-bome droplet nuclei 

“The seasonal patterns of scarlet fever, on the other hand, suggest 
that means of transmission less amenable to control by ventilaaon than 
are droplet nuclei play an important role m its spread ” 

In the total problem of control of respiratory disease, of course 
appropnate measures for immunization of individuals and groups, and 
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the emerging technique of chemoprophyIa\is,'’’® are as important as 
measures of environmental sanitation However, immunization and 
chemoprophylaxis are outside the scope of this review 

Considered in terms of cost m money and effort when applied on a 
national scale, control of atr-bome infecDon seems to present a problem 
of very great proportions Relative to what it costs to leave air-bome 
infection uncontrolled, however, the money costs of preventive meas- 
ures shrink to comparatively trivial figures Is the effort too much to 
ask of a people whose energies have so long been mobilized for the 
purposes of war^ Is not a part of any rational program of reconversion 
to peace the clear concepaon of onentmg purposes whose achievement 
would add to national health and well-bemg^ Is nor freedom from 
sickness worthy of a place with freedom of worship, freedom of speech, 
freedom from want, freedom from fear^ 

Summary 

Respiratory disease is responsible for more than a third of the total 
number of person-days lost to American industry by disability, it is of 
course a correspondmgly serious problem in domestic life and during 
military traming The air of enclosed spaces is at present the principal 
vehicle for the dissemination of respiratory disease The rationale of 
rendermg aur safe for human occupancy has been laid down in the 
laboratory and m suitable, controlled human environments The means 
are ultra-violet uradiauon, dust-suppressive measures, and the use of 
germicidal vapors of hypochlorous acid and of propylene and methy- 
lene glycol Elaborauon of the practical art of providing safe air sup- 
phes IS, however, not to be accomphshed cheaply or through the efforts 
of a few people A specialty or specialines m sanitary engineenng will 
have to develop around air samtation, as has occurred around water 
and milk sanitation Physicians, au-condiDoning specialists, heating, ven- 
alating, and illuminating engineers, architects, the manufacturers of 
necessaty equipment, agencies regulaung public health practice, and the 
mdusmes which will benefit by reducuon of mdusmal disability 
through respirator)^ disease ultimately vull all have to contnbute effom 
and money to solvmg the manifold aspects of the problem How much 
IS It worth in war time to reduce an annual mdusmal waste equivalent 
to the output for a year of approximately a half million workers'^ Hmv 
much IS It worth in peace nme to reduce a corresponding loss of effi- 
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ciency and well being from the drain of respiratory infection^ 
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EXPERIENCES WITH RHEUMATIC FEVER 

IN THE ARMY* 

Irving S Wright, Colonel, MC, AUS 

Consultant in Medicine, Nintli Service Command 


E rpSBsasRsasssR'aN attempt to crystallize the status of evpenence with 
rheumatic fever at this time is fraught with hazard, yet 
such attempts seem warranted even if their mam func- 
aon remams but to challenge previous conceptions and 
to raise new questions The opinions expressed m this 
paper are those of the author and are not shared by all workers in this 
£eld They are not to be construed as representing official pronounce- 
ments of the Office of The Surgeon General 

Rheumatic fever, as most physicians knew it pnor to the war, 


was largely an endemic disease with sporadic, but relatively rare epi- 
demics of minor proportions It was not considered to be highly com- 
mumcable Numerous pubhcations contended that the major etiological 
factors were malnutntion, poor heating, and other problems of the 
underpnvileged classes By far, the majonty of cases developed m chil- 
dren and adolescents I-t has always been a potentially very serious dis- 
ease for the affected patient 


It IS a serious problem for the military forces, both because of the 
immediate long hospitalization and because of the danger of the effects 
which may mvahd these patients for years later m life In several areas 
It has assumed epidemic proportions These have been most pronounced 
in camps m the Rocky Mountam and Central states In some barracks 
It has reached a much higher mcidence than would have been antici- 
pated in this age group, on the basis of former expenence 

The curve of mcidence has, in general, diminished with mcreasing 
age The oldest patient seen by the author, having his first attack while 
m an Army hospital, was 42 years of age 

The mihtary personnel with this disease have not been emaciated, 
undernourished, or m poor physical condition On the contrary, they 
represent, m most mstances, the cream of our youth, physically and 
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mentally They are in splendid physical traimng Those stncken in 
this country have been on plentiful diets which were, for the most 
part, very well planned Some of the men who developed rheumatic 
fever overseas have been on field raaons for from one to five months 
Heavy physical exercise ivith resulting faogue has been frequent, but 
not invanable before onset Exposure to prolonged dampness and cold 
has appeared to precipitate many atacks, but again has not been an in- 
vanable prefatory occurrence 

Close contact m hvmg quarters has been a most consistent environ- 
mental factor, as it almost invariably must be, in the spread of the dis- 
ease since pracacally all attacks of rheumanc fever are preceded by 
Group A hemolytic streptococcal infections of the respiratory tract 
Evidence is mcreasmg that the lesions of rheumatic fever may be the 
results of an anaphylactic reaction to some foreign antigen, such as a 
product of the hemolytic streptococcus This applies to the reaction 
of rheumatic pneumomtis^ as well as jomt and skin manifestations 
Charactensucally, m the Army camps the curve of mcrease in the 
mcidence of rheumatic fever has been preceded by a cun’^e of in- 
creased mcidence of upper respiratory infections Where bactenological 
studies have been made, these have been predominantly Group A 
Streptococcus infections On the other hand, many waves of upper 
respiratory infections have not been followed by any increase in rheu- 
matic fever This has been previously obseri’^ed in relation to the Au- 
tumnal epidermcs of “colds” along the Eastern seaboard 

In general, the Army cases have followed the usual course of events 
as outlined by Swift^ namely 

Phase I —An upper respiratory streptococcal infection, either a 
nasopharyngitis, folhcular tonsilhos, or scarier fever 

Phase II -A quiescent phase, which may be considered as an in- 
cubation penod, and 

Phase III -The phase of rheumatic acnvity, ivhich may connnue in 

duraaon from a few weeks to years 

Actually the first nvo phases frequently escape detection, or are 
qmckly forgotten, so that only careful questioning will reveal even an 
approximately accurate rate of mcidence These two phases are, never- 
theless, of greatest importance since most panents convalescing from 
streptococc7/s tonsillius, or nasopharyngins are below par physically, 
and being candidates for rheumauc fever and other senous diseases 
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should not be exposed at too early a date to too great cold, dampness, 
or fatigue 

The second phase may pass immediately into the third or active 
rheumatic fever phase, or it may take as long as six to seven weeks 
Most of the senous comphcations can be detected by havmg the pa- 
tients under obsen'^ation between the fifteenth and twentieth days after 
the onset of Phase I In mditary establishments this is not always feasible, 
but proper mstructions can be issued to the soldier so that suspicious 
symptoms or signs developmg during that time will be brought imme- 
diately to the attention of the medical officer 

The history of previous attacks has been very common In one 
ward in an Induction Center Station Hospital of twenty-eight patients 
\vho had developed rheumatic fever withm thirty days of their en- 
trance mto the service, eighteen had had a previous history of one or 
more previous attacks from one to fourteen years before Most of these 
men had done fairly well m the protected environment of civdian life, 
but even a bnef tnal with exercise and exposure to which they were 
unaccustomed resulted m reacnvation of their disease Ten of them 
had no history suggesave of the first phase of upper respiratory in- 
fection 

This gives nse to the followmg question Is this new attack, thus 
precipitated, due to hidden foci of streptococci Group A, or is it due 
to reacnvation of a latent anaphylacoc process secondary to the snmuh 
of fangue, exposure to mclement weather, or upper respiratory mfec- 
nons, any one of which may act as the trigger mechanism imtiating 
the process!’ 

It has been difficult, and even impossible at times, to differennate 
the pseudo from the true rheumanc fever syndrome The confusing 
signs include tachycardia, substemal distress, dyspnea on exemon, pro- 
nounced arthralgia, and backache, ■without local redness, heat, or swell- 
mg of the soft parts If not due to true rheumanc fever, these are usually 
considered to be on the basis of toxicity (though we do not know 
exactly what we mean by that term), and disappear wath the general 
improvement of the panent 

Most of the panents m the mihtar)>- sennces have followed the usual 
course dunng the acnve rheumanc fever phase Several points, how- 
ever, are ivorthy of note In more than 1000 panents, there have been 
only three ivho have had chorea at any nme, dunng their Army serv- 
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ices In no case has it occurred as an isolated manifestation of rheumatic 
fever This is remarkably lower than the incidence of chorea in rheu- 
matic fever m pre-war civilian practice 

The characteristic painful, swollen, red, hot joints have varied 
greatly in shifting tendencies and m seventy The cardiac manifesta- 
nons have included precordial discomfort, tenderness on pressure, pain, 
dyspnea, tachycardia, premature contracnons, fibrillation, and flutter. 
Heart block vaned from partial to complete with ventncular rates as 
low as 20 per imnute This will be discussed later in this paper 

The hearts have rarely been slightly enlarged with the first attack 
On auscultation the first sign of change has most frequently been a 
muffled soft systolic blowwg vninmir over the mitral area with a fairly 
w'lde distribution This has frequently disappeared on change of posi- 
tion such as sitang upright, and may disappear completely with sub- 
sidence of the acute phase of the disease, m which case it may be 
difficult to be certam whether it was evidence of an organic or func- 
nonal process Although the fashion of the day is to arbitrarily classify 
many such murmurs as functional, it would seem advisable to be less 
posiave smce the post-mortem findings have embarrassed the clinician 
more than once in this regard Diastolic and presystolic murmurs in this 
area are more safely classified as orgamc In some instances, a vnd- 
diastohc rumblmg imtnmti has developed nvo to three months after 
the imaal rheumatic fever attack Several of these have later become 
inaudible The explanation for this is not clear The most common 
vntnmir m the aortic area has been soft, blowing, and diastolic heard 
loudest over the second and third nght interspace It probably repre- 
sents a relative insufficiency m the majonty of pauents and frequently, 
but not always, disappears The murmurs of mitral and aortic stenosis 
tend to develop later, and were with few excepnons, encountered only 
in patients with previous history or evidence of rheumatic fever 
Pencardios, while not common, has occurred frequently enough 
to be worthy of constant consideration Most of these patients devel- 
oped them pencardial signs within a few days of the onset of the acuve 
rheumauc fever phase, often before therapy had reached an intensive 
phase The lack of rehability of statistical studies in this regard was 
recently brought forcibly to my attention by the following incident- 
Two hospitals drawing from the same pool of personnel each had ap- 
proximately seventy-five panents with rheumanc fever One had no 
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panents Math pericarditis, the other had eight paaents Math pencardins 
In each of these the pericarditis developed Mathin the first four to five 
days of onset of recognized rheumatic fever 

Heart failure has been very rare durmg the first attack, havmg been 
encountered in only five patients m this series Changes m the electro- 
cardiogram will be discussed below 

It must never be forgotten that abdominal symptoms may represent 
the onset of rheumanc fever Pam, tenderness, rebound tenderness, and 
cramps have been frequent and have led to confusion Math the diagnosis 
of appendicms 

Of particular note has been the scarcity of subcutaneous nodules— 
only four examples have been seen m more than 1000 cases Purpura 
has been rare The reason for this is not understood Of possible sig- 
nificance in this regard is the recent work of Lmk^ and others demon- 
straung that salicylates may produce hemorrhage This occurs only in 
the presence of a Vitamin K deficiency and is prevented by adequate 
Vitamin K in the diet This may, m part, explam the tendency toward 
hemorrhage noted in underprivileged children and its absence among 
M^ell nourished troops It has further been noted® that sodium sahcylate, 
which is used in the Army, produces less tendency toward reduction 
of the prothrombin level than acetyl sahcylic acid— commonly used m 
civilian practice 

AVe have seen eight examples of cerebral manifestations, five simu- 
lating meningitis and three developmg a transient psychosis In these 
three the question of salicylism was considered In this series, there have 
been seven fatahaes Tm^ M^ere associated Math pencardios, and five 
with heart failure All of these had histones of previous attacks of 
rheumatic fever Four of the latter five had pneumonia M'^hich, m tMm 
mstances, M'^as shoMoi pathologically to resemble rheumatic pneumomtis 
as described by Rich and Gregory ® Numerous additional patients de- 
veloped M^hat M^as diagnosed as primary atypical pneumonia, but M^hich 
M^as probably m some cases, rheumatic pneumomns This possibility 
should be constantly kept m mind m treating patients Math rheumatic 
fever 

Electrocardiographic changes have been of great mterest The most 
consistent change M^as prolongauon of the P-R mten^al— the longest 
seen being o 62 This findmg is often the only evidence of heart in- 
\olvement and is usually transient, disappeanng m from one to slv 
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months Partial A-V heart block with the Wenckebach phenomenon 
and dropped beats has occurred in approximately 6 per cent of tiic 
cases Auricular ventncular dissociaaon has occurred with equal fre- 
quency 

Prolongation of the P-R inten'^al rvas found in fifteen out of turn 
hundred patients suffermg from what was considered to be typical 
rheumatoid arthritis, at the Army and Navy General Hospital Aschoff 
bodies have been found in the hearts of many patients who died after 
years of so-called typical rheumatoid arthritis The prolonged P-R 
mtervals added additional evidence to the hypothesis that, m many 
mstances, these diseases are closely related or run concurrently in sus- 
cepable individuals 

The quesaon inevitably arises as to whether we are detecting all 
of the changes which takes place m the heart Wendkos® has contrib- 
uted suggestive mformation to this field by the following study Eight 
men suffermg from acute migratory polyarthritis (typical of rheumauc 
fever), in whom no evidence of heart damage existed, showed normal 
electrocardiographic tracmgs Immediately after a controlled tracing, 
o 5 Mgm of ergotamme tartrate (a sympathicolytic drug) was injected 
intravenously in each Further tracmgs were recorded thirty and sixty 
mmutes after mjection Addiaonal tracmgs were taken of five patients 
after all evidence of activity of the disease had subsided The results 
were as follows The control tracmgs in each mstance were normal 
In SIX of the eight cases the tracings taken after the injection of ergota- 
mine showed sigmficant disturbances m rhythm usually associated with 
rheumatic fever, consistmg of first degree A-V heart block in four 
mstances, second degree A-V heart block with dropped beats in one 
mstance and nodal rhythm with first degree A-V block m another 
The maximum effect was noted m thirty mmutes and the effects had 
generally disappeared withm sncty mmutes In the five individuals, who 
were rechecked after the active phase of the disease had subsided, no 
alterations from normal, except for slight slowing of the sinus rate 
could be produced by the same expenmenr They had returned to the 
state of reacuvity which characterized normal hearts checked by this* 

method 

If this work IS substantiated by additional studies, it would appear 
to offer a means of sensiozmg our technique for the detecnon of cardiac 
involvement in rheumatic fever We do not as yet know whether other 
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Iable I (From A\endkos) 

CH VVGES IN THE ELECTROC^RDIAGRAM FOLIXJWING THE 
ADMINISrRATION OF ERGOTAMINE 


iVo 

Aqe 

Date 

Re^po7ite to Ergotamine 

Remarks 

1 

24 

2-14-44 

Second degree A-A' heart 
block ith dropped beats 

Rapid sedimentation time 
Joint pains present 

1 

24 

3-25-44 

Some slowing of sinus rate 

Normal sedimentation time 
Joint pains absent 

2 

21 

1-24-44 

i 

Nodal rludlim with first de- 
gree A-A’^ heart block 

Rapid sedimentation time 
Acute poharthribs 

2 

21 

3-1-44 

Some slowing of sinus rate 

Normal sedimentation time 
Joint pains absent 

3 

19 

12-10-43 

First degree A-A heart 
block (PR-0 28) 

Rapid sedimentation time 
Acute polj arthritis 

3 

19 

3-10-43 

Some slowing of sinus rate 

Normal sedimentation time 
Joint s\mptoras absent 

4 

21 

3-12-44 

First degree A-A' heart 
block (PR-0 40) 

Rapid sedimentation time 
Jomt pains both shoulders 

4 

21 

3-23-44 

Some slowing of sinus rate 

Sedimentation time reduced 
Joint pains absent 

5 

19 

3-12-44 

First degree A-A' heart 
block (PR-032) 

Acute poh arthritis 
Sedimentation time rapid 

5 

19 

8-18-44 

Some slowing of sinus rate 

Arthritis completeh dis- 
appeared 

Sedimentation time reduced 

6 

34 

1-3-44 

First degree A-A' heart 
block (PR-0 30) 

Sedimentation time rapid 
Acute poh arthritis w ith some 
persistent deformitj and 
swelling in small joints of 
hand 


mfecnous diseases can produce a sunilar reacnon, or whether such a 
reacnon can be ehcited during the to\ic period of the first, or upper 
respirator^' phase of rheumatic fever 

It has pre\ louslv been demonstrated that a paras^mipathicolync drug 
such at atropine can temporarily abolish the first degree A-V heart 
block and other t}’pes of rhythm disturbances, which are the chief 
electrocardiographic expressions of the disease This w ork with ergota- 
mine tartrate suggests that subordmation of a h^^en^agotonic state be- 
low a cnncal lei el will pre\ ent the registranon of the usual electrocar- 
diographic pattern of this dysfuncaon The depression of the normal 
antagonist of the \agus by the use of a S}"mpathicol)'tic preparanon 
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such as ergotamine tartrate may permit the latent phase to register 
existing changes in the electrocardiogram Further studies of this phe- 
nomenon may yield worthwhile informauon and aid us to evaluate 
more accurately the extent of mvolvement of the heart dunng the acute 
phase of the disease The degree of pervmient damage in mild cases 
still eludes our best efforts 

Other transient changes m the electrocardiogram have been fre- 
quently obsen'^ed These mclude inversion of the QRS complex and 
diminution or inversion of the T wave, especially in lead 4 Serial 
electrocardiographic studies revealmg elevation of aU or most of the 
S-T segment, followed by inversion of T waves in multiple leads have 
been suggestive of pencarditis with an active inflammatory process in 
the subepicardium In 1 8 per cent of a series upnghr T waves exceeding 
10 Mm occurred m lead CF4'' Wandermg pacemakers M^ere encoun- 
tered in a small number of cases 

The Chemotherapeutic Aspects of the 
Treatment of Rheumatic Fever 

While no completely satisfactory therapy is available for rheumatic 
fever, the attack has been actively pressed in the mihtary hospitals 
Pemcillm is now recognized to be of no value in combating this 
disease ® The therapeutic use of the sulfonamides has likewise been 
disappomtmg The prophylactic use of sulfonamides will be discussed 
below The streptococcus antisera have been without value 

The most mteresung contributions to therapy have dealt with the 
use of sahcylates, which have entertamed varying degrees of populanty 
dunng the past years A very defimte step forward was taken by Brodie, 
Udenfriend and Cobum m establishing a method for determining the 
level of sahcyhc acid in the plasma This at least makes it possible to 
be certain that adequate absorpuon takes place by whatever method 
of administration is used While there may be some correlation between 
the level of salicylates in the plasma and the therapeuuc response, 
there is a considerable vananon m this which may be due to (a) a 
difference m response of the anagen or the mflammator)^ reaction m 
different hosts, (b) to the possibihty that the level m the blood may 
not always bear a direct relationship to the level, or utilizaaon m the 
affected tissues themselves Further work will help to clarify this point 
The use of larger doses of sahcylates orally and intravenously has 
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been advocated by Cobum and others This has stimulated more careful 
obsen^aaons of the use of these lar^e doses and certain facts and ques- 
nons have evolved ^Ve have found that most of our patients can 
tolerate, without senous inconveniences, doses of salicylates udiich w^e 
formerly hesitated to prescribe A dose of 6 to 8 grams daily n^as 
fomierly considered to be a large dose Cobum suggested 10 gms (150 
grs ) as an average, seeking to maintain a level of 35 mg per 100 cc or 
higher I have seen 20 gms (300 grs ) given daily to certain patients 
u ithout detectable untoward effects Perhaps this tolerance for the drug 
IS related to the splendid physical condition of the men at the onset 
of the disease and to the diets tvhich they have received containing 
adequate vitamin K At present, this must remain speculation The 
problems of salicylism will be discussed later 

Agreement has been reached regarding the value of salicylates ad- 
ministered orally, but the determination of addioonal value following 
intravenous admimstraoon is sail debated The acaon of salicylates is, 
in all probability, not upon the infecaous agent but rather upon the 
sterile inflammatoty reacaon which occurs dunng acnvity of the 
rheumatic process The evaluanon of therapeuuc response is deter- 
mined by clinical improvement and the cun'^e of the sedimentanon rate 
which IS generally accepted as being of great value in following the 
course of this disease 

Early reports suggested that the administration of 10 gms of sodium 
salicylate per day intravenously for 6 to 8 days followed by the oral 
admmistraaon of equal doses would result in a rapid subsidence of 
clinical acnvity and a drop in the sedimentanon rate to within normal 
within fourteen days iMost of our panents have responded very well 
clinically to rest in bed and from 10 to 12 gms of salicylate daily with- 
out intratenous therapy 

The evidence at present seems to indicate that mtravenous admin- 
istranon has no advantages over oral admimstranon, wuth the possible 
exception of rapidity of rise in the blood level If this route is to be used 
at all, sahcylatcs should be gi\ en intravenously only to very acutely ill 
panents and panents wuth e\ idence of early pencardins There is con- 
siderable doubt that it is e\ er necessaty 

The response of the sedimentanon rate to both intravenous and 
massne oral dosage has been disappoinnng hat mg, in a large propor- 
non of our panents, failed to approach normal unnl the third to the 
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Sixth week of the treatment This lag has occurred in spite of blood 
levels of 35 mg per 100 cc or more 

The use of the large dose techmque with blood levels of 35 mg or 
higher does not oifer complete protection against pencarditis I have 
seen four patients \vho developed pericarditis during mtravenous 
therapy 

Comparable senes were studied m one hospital with the intravenous 
technique (10 gms daily) followed by 10 to 16 gms orally of sodium 
salicylate daily and with oral admmistration alone 

Of twenty-rune patients treated mitially by mtravenous technique, 
SIX had probable or defimte heart disease before this attack (based on a 
history of rheumatic fever and presence of a cardiac lesion) Twenty 
developed evidence of a cardiac lesion dunng the penod of observa- 
tion as judged by either progressive electrocardiographic changes or the 
development of what were considered to be significant murmurs Nine 
did not Five of the new patients showed persistent evidence of cardiac 
residua in the form of significant murmurs Eleven showed no residua 
On thirteen, the late follow-up was unsatisfactory 

Of wenty-nme patients treated throughout by oral administration 
of 10 gms daily, seven had cardiac disease before the present attack, 
eighteen developed signs during this episode, five of these showed per- 
sistent cardiac residua, nmeteen showed none, and on five, the foDow-up 
was unsatisfactory In reference to cardiac lesions, the results were, 
therefore, not strikingly different m these small senes 

While there exists serious doubt regardmg the ments of intra- 
venous over oral methods of administration, there is practically uni- 
versal agreement that massive dosage (10 gms or more) given by 
either route has produced more umformly satisfactory palliative results 
than the smaller doses formerly employed Many patients can be cited 
in whom the climcal course mcluding the sedimentation rate improved 
stnkmgly vuth elevation of the plasma sahcylate level but m whom 
the relapses occurred when the plasma level was allowed to drop below 
20 mg per 100 cc Sharp evidence that this problem is far from solved 
w^as presented by one senes of sixty-four patients receiving massive 
dosage therapy by mouth of whom twenty-nine or 45 per cent de- 
veloped persistent vahmlar heart lesions 

One of the complicanons which has been more prominent following 
the use of such large doses of salicylates is acute sahcylism Some patients 
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can tolerate levels of 60 mg per 100 cc without symptoms but many 
of our panents develop mild s^nnptoms at a level between 25 and 35 
mg , and the percentage increases \\ ith the elevation of the level Be- 
ginning with tinnitus, colored vision, nausea, and vomiting, this may 
progress to a more severe phase of y^hich hypert entilaaon is a warning 
signal Tins may increase in depth and intensity to simulate Kussmaul 
breathing This hyperpnea produces a respirator)^ (paradoxical) alkalosis 
which results in lowered CO" content of the serum, loss of base 
(sodium) from the serum via the unne, retention of chlonde in the 
serum, decreased renal function with retention of water, numbness, 
tingling of extremities, and tetany with carpopedal spasm and positit e 
Ch\ ostek’s sign An acute maniacal delirium may accompan)’- this pic- 
ture or develop as an isolated reacnon 

Mild or moderate salicylism is nor of serious significance If severe 
with a serum salicylate level of under 50 mg per 100 cc , one or two 
liters of normal saline intravenously with sodium bicarbonate, o 6 gms 
cvcpy^ four hours by mouth is usually adequate If the level is over 50 
mg the salicylate should be stopped and one to five liters of normal 
saline given intravenously slowly This toxicity can be prevented in 
pracncally all cases by a dose of o 9 gms of sodium bicarbonate with 
each dose of salicylate On the other hand, it has been shown by 
Smull, ^^^egna, and Leland,^* that the administration of therapeutically 
satisfactor)’" doses of sodium bicarbonate definitely decreases the level 
of salicylates in the blood We must apparently, by balancing the ad- 
ministration of these two substances, tread between the maximum thera- 
peutic effect and the toxic level, and this zone may differ considerably 
m different individuals 

For the reasons presented above, salicylic acid cannot be considered 
the final soluaon to the therapeutic problems occurring m rheumatic 
fe\cr Tlie objeenves can be clearly stated A drug must be found 
which i) IS non-toxic m effective therapeutic doses, 2) modifies the 
immune response of the host so that the patient recovers promptly 
after a monocyclic attack, or 3) inhibits the capacity of the infecting 
micro-organism to elaborate antigen In the absence of fulfillment of 
any of these objectives xve are limited at present to the action of the 
salicylates in suppression of the mflammatoty process 

The possibility of prophylaxis of rheumatic feter with sulfonamides 
has been the subject of much thought and study These drugs arc of no 
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value m the treatment of the acute phase of the disease Figures have 
been presented on numerous occasions supporting the thesis that small 
doses of sulfanilamide (05-1 o gm ) taken daily will markedly decrease 
the incidence of recurrences of rheumatic fever after the first attack 
Statistically, some of these figures have been subject to question 

Some of the patients have now taken this dosage for several years 
This interminable program is not feasible as a preventive measure for use 
with groups of thousands of troops merely because they happen to be 
located m an area with a high rate for rheumatic fever Methods 
have been used whereby varying dosages have been administered, 
1 e , 4 gms sulfadiazine in 48 hours, 6 gms in 72 hours, and i gram daily 
for a penod of weeks The rates of upper respiratory diseases can ap- 
parently be very favorably affected,^® especially by the last named dose 
This can be anticipated m those that are associated with streptococcus 
infections 

Scarlet fever and merungococcus infections are likewise favorably 
affected by the sulfonamides prophylactically The evidence for the 
long-term effect on rheumatic fever of these small doses over short 
mtervals is to date suggestive,^'* but less conclusive and must await fur- 
ther work 

Fear has been expressed that the early use of sulfonamides after the 
acute phase of rheumatic fever might unfavorably affect the course of 
the disease even causing relapses Under our direction one gram of 
sulfadiazine has been given to each of nventy-five patients daily for 
tiventy-one days beginning on the fifth day after the temperature had 
reached normal, regardless of the level of the sedimentanon rate In 
no instance was any elevation of the sedimentation rate or change in 
symptomatology noted which could be attributed to the administration 
of the sulfadiazine, therefore, although the possibihty cannot be denied. 
It seems that nsk on this basis is probably not excessive Further sradies 
on this problem are bemg earned out The nsk of sulfonamide sensin- 
zation must be considered in mass treatment After sensmzaaon has 
occurred, skin reactions are not uncommon and we have seen two acute 
deaths which appeared to be of an anaphylactic nature 

Comments and Conclusions 

Rheumanc fever, as it occurs m the Army, has been demonstrated 
to be a manifestation of a highly communicable disease complex which 
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frequently is preceded by an outbreak of upper respirator)’- infecnons 
E\idencc is accumulating that it is an anaphylacnc reaction, probably 
to the streptococcus Group A This is not, hoy ever, conclusively es- 
tablished as yet It may be yidespread m its attack on well-nourished 
young men believed to be in excellent physical condition The greatest 
invohement has been among the younger groups of servneemen. 
Fatigue, exposure to cold and dampness, and close livmg quarters are 
believed to be important en\ ironmental factors Patients with a previous 
histor\’^ of rheumatic fever are especially suscepnblc to recurrences v’hen 
exposed to the rigors of mihtar)’^ life 

The symptoms, physical findings, laborator)’^ and electrocardio- 
graphic changes have been presented The rarity of subcutaneous nod- 
ules, purpura, and chorea is of especial interest The occurrence of pro- 
longanon of the P-R interv’al and of Aschoff bodies in the hearts of 
patients with “so-called” typical rheumatoid arthnas of many years 
standing has been confirmed The possibility of sensitizing our methods 
of determining latent damage to the conduction mechanism of the heart 
by the use of ergotamme tartrate has been discussed 

The present status of the treatment of rheumatic fever remains un- 
satisfactoty Penicillin and the sulfonamides have been proven to be 
\aluelcss in the treatment of this disease There is no evidence that 
penicillin is of value as a preventive Prolonged daily dosage of sulfanila- 
mide appears to lessen the frequency of recurrences^^ The evidence 
that short courses of sulfonamides are of long term value in the prophy- 
laxis of primaty or recurrent attacks of rheumauc fever is suggestive, 
but not as yet conclusively established It is possible to markedly reduce 
the rate of upper respiratory infections, especially those associated with 
certain strains of streptococci by this method 

A step forward has been taken in the treatment of rheumanc fever 
y ith the de\ elopment of a method for determining tlie le\ el of salicy- 
lates in the blood thus aiding in the control of the dosage It is fairly 
y ell agreed that large doses of sodium salic)’^late, 1 e , 10 gm daily or 
more are more rapidly palliam e than the formerly used smaller doses 
It IS highly doubtful that the intras enous administranon of salicylates is 
of greater \ alue than oral administration The clinical response to large 
doses has been rapid but the response of the scdimentanon rate has in 
man) of our cases been disappomnngly slow The use of the massu e 
dose methods does not offer complete prorecnon against pcncarditis. 
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myocarditis, or endocarditis 

With massive doses salicylism must be watched for It can be pre- 
vented by givmg sodium bicarbonate with the sodium salicylate, but 
it should be appreciated that this will result in a lowenng of the blood 
level of the sahcylates The effect which this may have on the effici- 
ency of the salicylates has not been established 
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Electrocardiographic Changes Durmg linravenons Therapy of Pneuinoma 
Damd D Rltstein, K I ep person' Thomson- and Daniel M Tolmach 


EmcIcdcc hns pre\i(ni<;I\ been luiblisbed* 
Hint ccrlnin rciiction<; to tlic intrn\cnoiis nd- 
ininlstrntion of nnlipnciimocorciis scrum arc 
not due to nnnplnlnMs but arc n response 
of tbc circulntorv s\stcm to rcnetion-]iro- 
ducing nmtcrinls contained in tbc prepara- 
tion of scniin used 

\s an outgrow til of tins stud\, an in- 
^cstigntlon was performed on the changes 
in tbc electrocardiogram occurring during 
tbc intravenous administration of antipncii- 
mococcus scrum and the sodium salts of the 
sulfonamide drugs 

Significant clcctrocardiograjib changes oc- 
curred in 10 of tbc 112 inicctions of 

• Irimcdiale Serum Reaclicm* in Man," \rcbiTcs 

♦ 


antipneumococciis scrum in 50 pneumonia 
patients and in I of tiic T2 micctions of 
sodium salts of sulfonamide drugs m 21 
pneumonia patients 

Striking changes occurred in serial elec- 
trocardiograms in 3 patients, in one of 
which the changes arc indistinguishable from 
those associated with acute invocardinl in- 
farction and 2 of which arc suggestive of 
severe mvocnrdial damage One of these 
patients received 1 vpc 1 antipneumococciis 
horse serum, another Tv pc 8 nntipncumo- 
tocciis rabbit scrum, and the third sodium 
siilfatluazolc 

r Internal Medicine Vol 08 pp 25 56, July 1941 

* 


Streptoinycm in the Treatment of Typhoid Fever 

Hobart A Reimanx, Alisox H Price and 
William F Elias, Ph D ^ 

From the JefIer<on Medical Collepe and Ho»pita1 Philadelphia 


Streptomvein, an antibiotic substance de- 
rived from Vctinomvcc-s griscus, is bacteri- 
ocidal for E tvphosa in amounts of 4 to G 
tinils per cc of liroth These amounLs can 
he castlv attained or exceeded m the liodv 
hv intramuscular or intravenous inicction 
of from 1 to 4 million units dailv thev can 
also he attained m the stool hv oral admin- 
istration of similar amounts 

Tive paticnLs with tvplioid fever were 
treat e<l 3 intramuscularlv, 1 intravcnouslv 
and in 1 both orallv and intravcnouslv 
Thev received from ? million to 30 million 


units N'o beneficial effect occurred in 1, 
hut rccovcrv accompanied Uierapv in 3 In 
another patient treated intravcnouslv, the 
temperature was falling when the siipplv of 
streptomvein was exhausted The tempera- 
ture rose to higli levels again 

Streptomvein can he attained in tlic hodv 
in amounts whidi arc theorebcallv adequate 
to kill E tvphosa In 5 treated patients, 
rccovcrv was synchronous wath tlierapv in 
3 There is reason to lielicve that the drug 
Mill also he of value in infections caused 
hv other pathogenic gram-negative bacilli 


• From the Wyeth Ir tm-ic cf Ap-’icd Bipobt-'i*trT PhRad-lph a 
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The Clnncal Response m Genera] Paresis to Treatment with Pentcillw*\ 

Edwin J Dott, Herbert Koteen and \^''alsh McDermott 


In a series of 116 neurosvphllitics who 
were treated with penicillin, onh eight 
patients presented unequl^ocal eMdence of 
general paresis Satisfactorj therapeutic re- 
sults, as judged by physical, psychiatric and 
laboratorv examinations, were observed in 
four of the eight patients during a follow- 
up of SIX to twelve months With one ex- 
ception, the obseried improiement was not 
so marked as is usually seen at a compar- 
able intenal after malaria therapy Two 


patients with adianced paresis failed to 
improie after 9,000,000 and 18,000,000 units 
of penicillin, respectliely 

The results of this preliminary studi 
would indicate that although intensiie peni- 
cillin therapy exerts a definite beneficial 
effect on tlie mental, physical and labora- 
tory abnormalities of general paresis, the 
extent of this beneficial effect, at least with 
tlie present dosage, is not so satisfactory 
ns that following malaria 


* From The New York Hospital, and the Departments of Medicine and Psychiatry, Cornell University 
Medical College, New York. 

t Work done under contract with the Office of Scientific Research and Development 
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Objective and Climcal Study of the Normal, 
Desquamated and Atrophic Tongues 

Joseph R DiPalma 


The purpose of this study is to place 
upon an objectne basis the cbnical obser- 
yation of changes in surface contour of the 
tongue in certain diseases, particularly the 
anemias and tlie aMtaminoses 

By the development of a special ink 
which IS tasteless, non-poisonoiis, of the 
proper consistency, and fast drying, it has 
been possible to make accurate prints of 
the tongue. When studied under the loyy 
power microscope it is possible to not only 
count the relatiye populations of the fili- 
form and fungiform papillae but also to 
make obseriations on the surface contour 
of the mucous membrane of the tongue 
Study of oier 100 normal adults in the 
third decade of life has established the 
ayerage surface contour and papillae count 
of the normal tongue 
Comparison of tlie normal tongue prints 
witli those m disease conditions has rc- 
yealed the following People with a poor 
dietary history show a marked tendency to 
desquamation of the filiform papillae, espe- 
cially with acute systemic infections such 
as pneumonia However, tlie underhung 


fungiform papillary structure remains in- 
tact Recovery quickh takes place yvith 
vitamin therapy In adianced aiitaminosis 
and in senile atrophy of the tongue liotli 
filiform and fungiform papillary structure 
disappears Recoieri', if it occurs at all, is 
lery slow 

In the anemia group, pernicious anemia 
IS distinctly e because of the tendency of the 
tongue to show longitudinal ridging during 
the relapse, the so-called “scrotal pattern " 
The hypochromic anemias, when severe, 
show the most marked flattening of surface 
pattern Eien m these tongues recoiery 
can be demonstrated iMth specific tlierapy 
of the anemia and ivitli iitamins 

On the basis of these obseriations a plea 
IS made for modification of the chnical 
term, “the smooth tongue” While this terra 
IS descriptive it fails to indicate exactly 
the change in surface contour By tlie sim- 
ple method here described it is possible to 
state accurately that the tongue is eitlier 
just desquamating or is going on to atrophy 
of papillary structure 
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The Modified Ivsiihn Technique in the Treatment of 
Ambulant Psychiatric Patients 

RicHAun M Buickncr 


1 The ninlnilant ins\ilin Ircalmcnl method 
of Polntin, S])otnit7 and M icscl has l)ecn 
cinplo\ed in SO cases of different t\])cs 

2 ’Ihc ssnnplom of intense tension can 
nsiialh lie rclic\c<l, in sviiolc or in part, li\ 
tins trcatmeiiL 

1 tins senes aisn adds a smaii anioiint 
of CMdcncc to tiiat more c\tcnsi\ci\ ac- 
cnimilatcd in otiicrs, tiiat tlic liasic lilncss 
iiiae iic rclie\cd li\ tliis iiictliod liiis ajipiics 
to sciiiTopiircnia and to depression 

t I iic trcatincnt nin\ lie given eiliicr in 
occasional isolated doses or as a svslciiiatlc 
procedure vvitii increasing doses, extending 
over a period of weeks 


5 llic treatment is feasililc for office 
use After tlic in]cction lias heen given, no 
special set-up is required lievond tlic pres- 
ence of a trained person to watch the 
imticnt and tlic jircsencc of the doctor in 
tlic olfice 

G llic dosage ranges arc far lower witli 
tlic siiiicuf ancons tiian wltli tiic intravenous 
route of administration 

7 llic treatment cannot be used in the 
oflicc wilti jisviiiotic patients unless tlie 
manifestations are svnnptomaticallv mild 
Patients siioiild iic lios])itnli7cd instead, if 
tlicrc is anv question of risk in keeping 
lliein unlios]iitali7cd 


«■ * «■ 


Personality Reaction to Crime and Disease 

David Abrahamscn 

Rcsearcli Assoente, Ueinrlraem of Psjcliialrj Columbia University 


this psvcliosomatic studv, siqiportctl bv 
tlic Josiali Maev Jr roundatlon, is a jirc- 
linilnarv report of a clinical rcscarcli jiroi- 
ect about tlic individual’s pcrsonalltv 
reaction to liis diseases and to ins antisocial 
acts Various tv pcs of conflicts iiiav in due 
time lead an indiv idual citlicr into neurosis, 
psvcliosis, a psvcliosrmatlc disorder, or a 
criminul act. The question then is, Jioie 
does a person react to ids disease, and to 
an antisocial act of liis own conimisslon-' 
Tlic pcrsoiialitv make-up present in tlic 
person determines liovv he will react wlicn 
affected with a bodilv disease and what 
form a maladiustiiicnt will assume 7\s tiie 
reaction to tlic illness depends upon what 
tlic personalitv was lieforc tlic onset, so 
also the indiv idunl’s reaction to liis anti- 
social act IS dependent upon liis personalitv 


traits iicforc tlic antisocial act was com- 
mitted 

Prom a group of offenders, two tvpical 
ones arc sclctted for detailed description 
Hotli cx])cricnccd a cliildliood with depriva- 
tions, during adolescence tlicv went tlirougli 
prolonged jicriods of phvsical ailments 
vvliicli seemed to be tied up vvitii tlicir per- 
sonalitv traits and with their antisocial 
acts Hcsults of plivslcal c-xamlnations and 
lalioratorv tests are given Conclusions are 
drawn as to presence and incidence of some 
factors 111 tlie etlologv of tlic indiv idual’s 
antisocial bcliavlor and tlie nature and 
course of ills disease and compared with 
the incidence of psvchosomatic disorders in 
patients suffering from neurosis or psv- 
chosis 
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A Cmupcmsoii of Several Special Preparatioirs of Protaumie Zinc Insiilm 
m the Treatment of Diabetes Melhtus 

Henry Dolger 


T'»\ent\-B\e patients with severe diabetes 
melhtus who had been treated more or less 
satisfactorih with extemporaneous mixtures 
of insulin and protamine 7inc insulin were 
studied Thej were given three different 
fixed modifications of protamine zinc insulin 
specinllv prepared bj the Research I^hora- 
tones of the Eli Lilly Companv Two 
modifications were acid clear and contained 
either 1 25 or 1 76 mgs of protamine per 
100 units The tliird was neutral (cloud\) 
and contained 0 42 mgs protamine per 100 
units or one-third tliat found in commer- 
cially a\ ailable protamine zmc msulin (i e 
1 26 mgs ) The latter, therefore, resembled 


a mixture of two parts regular to one part 
protamine zinc insulin prepared cxtenipo- 
raneoiisl}' 

The acid preparations were found to be 
similar to globin insulin in that late after- 
noon h\’poglj cemic reactions and severe 
earl} morning gI}cosuria were noted The 
neutral preparation was more satisfactory 
In providing a smooth control of glycosuria 
and freedom from both afternoon and early 
morning insulin shocks In fact this modi- 
fication afforded even better results than 
the original extemporaneously prepared 
mixtures 


* « * 


On the Significance of Nutrittoiral Deficiency m Diabetes 

Morton S Biskind and Herbert Schreier 

From the Endocrine and Diabetic Clinics, Beth Israel Hospital and the 
Diabetic Qimc, Gouvemeur Hospital 


Soskin and his collaborators,' in a bril- 
liant series of investigations, have demon- 
strated the basic role of the liver in main- 
taining normal carbohydrate balance and 
have supphed abundant evidence that dia- 
betes may often be a disease of the liver 
Among other experiments, they have shown 
that damage to the liver bv toxic agents 
produces the diabetic type of dextrose 
tolerance curve It is now well known, 
through the work of manv investigators, 
that nutritional factors, espeaallv^ those of 
the B complex, protect the liver from both 
the functionnl and structural impairment 
which results from a vanetv of toxic 
agents, it has also been shown tliat the 
hepatic impairment which occurs from the 
latter, results from a secondarilv -induced 
deficiency of the nutritional factors 
Among the functional impairments which 
result in the bver from primarv or second- 
arv deficiencv of the vitamin B complex, is 
the failure of inactivation of estrogen,* 


with the production of chnical svndronics 
associated with excess estrogen (menomet- 
rorrhagia, cystic mastitis, premenstrual ten- 
sion, uterine myomas, postpartum subin- 
volution of the uterus, etc ) Thus, a senes 
of conditions, thought formerly to be 
purelv endocrine, have been shown to result 
from impairment of hepatic function on a 
nutritional basis’ Nutntional therapy in 
these conditions has produced striking im- 
provement 

On the basis of these and related findings, 
for more than two years we have been in- 
vesbgating the occurrence of nutntional 
deficiency' in diabetics, and on the basis of 
past experience m treating other syn- 
dromes related to hepatic dysfuncbon, we- 
have studied the resplts of intensive ther- 
apv with the vitamin B complex in these 
patients We have been Impressed bv the 
virtually universal occurrence of signs and 
svmptoms of nutritional deficiency in dia- 
betics, by the striking improvement in 
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general henltli and well-being Mhicli occurs 
on adequate oral or oral and parenteral 
vitamin B complex therap\ , and b^ definite 
impro\ement in carbolndrate metabolism, 
often permitting a reduction in the insulin 
requirement, or its elimination 'altogether 
In addition, patients requiring insulin had 
less difficultr Mitli insulin reactions In sei- 
eral cases in wliicli marked improrcmcnt 
occurred riith B complex, a definite corre- 
lation was possible between tlie occiirrcntc 
of the hepatic d\8function and tiie dcrclop- 
nient of the diabetic state 
Experimental support of our findings in 
the human being has just been iniblishcd 
b}^ Gaebler and Cisrewski,* who demon- 
strated tliat in experimental dialictcs in 
dogs, the diabetic state was markedlr 
worsened and the insulin requirement was 
greath increased b\ dcjimation of tlic B 
complex Addition of B complex to tlie diet 


restored the former carbohydrate equi- 
librium 

Our clinical obsenations, as well ns the 
experimental in\cstigations mentioned, sug- 
gest strongh tlial nutritional deficiency is 
of ctlologic significance in diabetes From 
the standpoint of practical tlierapy, this 
concept lias proicd cxtreineh laluable 

Lesions of nutritional deficiency occur- 
ring in diabetics are illustrated in kodu- 
chrome 
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The Effect of Bed Rest and Innnobjbzatioii upon Physiological and 
Chesnical F mictions m Nonna! Men 

John Deitrick and Donald WHEDON*t 


Two healthy young men were studied 
during an eiglit weeks control period while 
on a regular exercise routine Tlicy yvere 
then put to bed for six weeks in a bi- 
vahed cast 'rcaclnng from the feet to the 
umbilicus FoUoyying this period, obseryn- 
tions yvere made during a four yyeeks re- 
cover) period Diets yyere held constant 
throughout the entire experiment 

Sdmmabx , 

1 A definite increase in nitrogen, calcium 
and phosphorus excretion occurred on bwl 
rest Sulfur and potassium execretlon in- 
creased slightl) The maxiinuni calcium 
excretion foUoyvs tlie maximum nitrogen ex- 
cretion by approximately two weeks 


2 No correlation could be established be- 
tween nitrogen excretion and 17-ketosteroid 
excretion 

3 In Spite of increased calcium output 
thcr<5 yyere no corresponding changes in pH 
and citric acid excretion yyhlch would in- 
crease the solubility of calcium 

4 Although there was iiniiiobilization of 
approximately half tlie body musculature 
no change in creatine excretion occurred 
The creatine toletance howeyer did dimin- 
ish on bed rest j 

6 The, most striking changes in functional 
studies wore the loss of strength and the 
progressive failure of the circulation in re- 
sponse to the upright posibon 


* From the New York Hospital and Cornell University Medical College Department of Medicine, and the 
Russell Sage Metabolism Ward. 

t This work was undertaken through contract with O S R.D nnder the direction of the Committee on 
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The Rationale of Sodntm Salts in the Treatment of Shock* 

Charles L Fox, Jr 

Department of Bacteriology, College of Physicians and Surgeons, Columbia University 


Recent studies bv Richards support the 
Mew of Cannon and Wiggers that “reduc- 
tion in the volume of blood returnetl to the 
heart is the keystone of all modern concep- 
tions of shock” To discover the mechanism 
of shock it is then necessarj to ascertain 
the cause of the “reduction in the tolume 
of blood returned to the heart” The com- 
monh accepted hj’pothesis is that of Bla- 
lock that “the decrease in blood volume 
could be entirely accounted for by the 
amount of blood or plasma lost at the site 
of local injury” 

Since Blalock’s studies in 1930, Gamble, 
Peters, Hastings and their associates have 
made important contributions regarding the 
chemical composition and distribution of 
body fluids It was then found by Darrow 
and annet in animals, b\ Loeb, Harrop 
and Swingle in Addison’s disease and by 
McCance after experimental salt deficiency 
in man that external loss of body sodium 
without lose of plasma resulted in reduc- 
tion of blood volume, hemoconcentration, 
decrease in circulating plasma proteins, cir- 
culatory failure and tv'pical “shock” 

In shock following experimental burns, 
trauma, or liemorrhage, Rosenthal tlien 
demonstrated' the tlierapeutic efficacy of 
large volumes of isotonic solutions of so- 
dium salts, “that the curative effects of 
serum are due to its electroljte content”, 
tliat concentrated albumin is wntliout effect 

Clinical trial in 112 patients with bums’ 
and 80 patients with shock from trauma 
and hemorrhage’ showed the benefit of oral 
and intravenous administration of volumes 
of isotonic solutions of sodium salts equal 
to 10 to 15 per cent of bodj weight It is 
encouraging to note that the latest recom- 
mendations of the Shock Comnuttce of the 
National Research Council advise a total 
volume of 8 to 15 hters of fluid (including 


some blood or plasma) in the first 24 to 48 
hours after mpirv 

The rationale for the sodium therapy of 
shock is explained bv quantitative analysis 
of the cliemical changes in tissues following 
severe trauma These data were obtained by 
analjses with radiosodium,^ radiopotassium, 
and direct analytical methods totaling 2600 
determinations The results mav^ be sum- 
marked ns follows 

1 Large amounts of sodium and water 
accumulate in iniured tissues, the gam in 
sodium exceeds the gain in water 

2 The potassium content of injured tis- 
sues is reduced, the decrease in potassium 
approximating the “excess” of sodium Tins- 
indicates breakdown of cell barriers witlii 
an exchange of extracellular sodium for in- 
tracellular potassium 

8 The protein content of injured tissues 
is tio( increased above that of contralateral 
uninjured tissues Protein found in the 
edema flmd apparentlj is derived from tlie 
damaged cells rather than from the plasma 
as is generally believed 

4 Uninjured tissues of the animal in 
shock lose sodium but gain potassium, their 
water content remains unchanged This in- 
dicates intracellular edema with extracellu- 
lar dehydrabon The increased hematocrit 
In shock also results m large part from 
swelling of the red cells 

6 The therapeutic indication is to re- 
store blood volume bv replacement of the 
sodium and water of the extracellular fluid 
and plasma diverted and removed by these 
tissue changes 


1 

2 

3 
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Improved Technique for Preparing a Buried Dermal Graft 
in Hemtal Repair* 

James V Scola, ist Lt, MC, A US 


This technique first is to denude the skin 
of the epidermal ln\er Then the derma is 
cut aw a}, making the graft of nn\ desired 
size. This derma has subcutaneous fat at- 
tached to it, or If tills IS remo\ed, tlie 
fibrous tissue at the base of tlie skin is 
attached to tlie graft. This subcutaneous fat 
or fibrous tissue on the undersurface of tlie 
skin offers a poor surface for a successful 
“take,” The opposite side of tlie skin, how- 
ever, (where the epidermal layer was re- 
mo^ed) is an excellent surface for a 
successful “take.” If the graft could he 
prepared so that both sides can take equally 
well, the chances of its \inbllit} are im- 
medlatelj doubled It is the purpose of tliis 
paper to descrilie such a nnetliod 

Preoperativ elv, the thickness of tlie skin 
where tlie dermal graft is to be taken is 
roughly determined by' gently pinching the 
skin This is not diificult to do after trying 
it a few times The peritoneum of the hernia 
is closed as usual and the fascial defect is 
measured A dermal graft somewhat larger 
than the defect should be used 

Now the Padgett dermatone is set to cut 
a graft just short of the full thickness of 
the skin, thus leaving a very thin layer of 
epithelial ceDs on the donor site. This cut Is 
usually between 04 to 05 inches, thus in- 
suring a good thick graft. This graft is left 
attached at one end (A) as shown, cutting 
from (B) to (A) 

The dermatome is now removed and reset 
to cut a very thin graft to remove the epi- 
dermal layer This cut need not be over 008 
inches (if the shellac used for the derma- 
tome IS made quite thin) and is made by 


(I» 



Fig 1 This figure represents the full thickness of 
skin Subcutaneous tissue is not shown The first 
cut with the dermatome is from » to A, thus rais 
ing the almost full thickness skin flap as shown 
The dermatome is now rcraosed, set to cut a thin 
lajcr of skin (not over 008) and the cut is made 
from c to B as shown The graft is now removed 
by cutting across at A, 

cutting from C to D Albs forceps are used 
to spread the graft until it is stuck to the 
drum of tlie dermatome Wlien the derma- 
tome IS used for the second cut, the old 
shellac must be remoted from tlie drum and 
new shellac applied to the drum and skin 
The old shellac need not be reraoted from- 
the skin 

The dermal graft is now removed by cut- 
ting it across at A The graft is sutured to 
good fascia surrounding the defect, using 
interrupted silk sutures A very light 
sprinkling of sulfanilamide powder may be 
apphed over the graft if desired The sub- 
cutaneous tissues are approximated over 
the graft, obliterating all dead spaces The- 
Bite where the graft was taken is covered 
with vaseline gauie and left undisturbed 
for seven to ten days 

A series of five cases is repiorted in four 
of which there was either no fascia to ap- 
proximate or the fascia was too thin and 
frayed to be used for repairing 


From the Graduate School in Surgery, New York Medical College and Flower Fifth Ave Hospital 
Presented by Joseph H Fobes, Head of Graduate Surgery 
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TherapeiitJC Effect of Radtoacttve lodme on Adertocarcmonia of the 
Thyrotd wrth Functtonmg Metastases 

S M Seidlin and L D Marinelli 


This IS a report on a patient, 62 lears 
old, who had a complete th}Toidectomj for 
a “mahgnant adenoma” m 1923 He had no 
thyrotoxicosis then nor hypoth'\’Toidism post- 
opieratively Fifteen years later, he devel- 
oped classical symptoms of liyperthyToldism 
(B M R 40%) and severe pain in the 
lower back In October, 1939, a pulsating 
tumor M’as removed from the level of the 
thoracic 12th and proved to be metastatic 
thyroid carcinoma (histologicalh , small fol- 
licles, well-differentiated with colloid) In 
the next two years, hyperthyroidism m- 
creased and x-rays revealed metastases in 
the lungs, right upper femur, second left 
rib, pelvis, and skull 
Deep roentgen therapy was ineffective 


Lugol’s solution therapv shoved slight but 
definite effect on tlie hyperthyroidism 
Geiger counter-studies after the administra- 
tion of a tracer dose of radio-iodine demon- 
strated uptake bv all tlie lesions Thiouracil 
administration produced a typical remission 
of tbe liyperthyToidism, which recurred 
after cessation of treatment Several mas- 
sive doses of radio-iodine resulted in a 
striking improvement of the chnical pic- 
ture BMR dropped to below normal, 
patient gained weight and there was a 
complete arrest m the growth of tlie nie- 
taatases Quantitativ e studies on the pick-up 
and excretion of tlie radio-iodine by the 
metastases were carried out Thy rotropic 
hormone studies were also made 


# * * 


Fulmonary Suck and Blow as a Resprratory Amleptic, Interdependence of 
Cctrdtac Massage and Suck-and-Blow Resuscttatton* 

* From the Graduate School m Surgery, New York Medical College and Flower Fifth Ave Hospital 
Presented by Joseph H Fobes, Head of Graduate Surgery 

Jacob Reicher 


Based on Thompson and Birnbaum’s dem- 
onstration of the “phenomenon of asphvxial 
resuscitation” by pulmonarv suction and 
deflation (suck-and-blow), evidence is pre- 
sented that combined suck-and-blow vith 
cardiac massage serves as an effective re- 
susatant vhere either alone fails Addi- 
tional experiments are presented indicating 
that such a combination would be inade- 
quate if the pulmonary ventilation consisted 
of either pressure alone or sucbon alone 
It IS emphasized that the appbcabon of 
suck-and-blow to the pulmonary tree does 
more than create an mterchange of gases, 
the procedure serves as a true analeptic 


since it actually stimulates respirations 
mediated through nervous mechanisms Ex- 
ternal methods of artificial respiration 
(manual. Drinker, Bragg-Paul, etc ) merelv 
serve as substitutes for respiration, thev do 
not stimulate 

A summary of the physiology of respira- 
tion IS presented as it apphes to suck-and- 
blow, and a r6sum6 is made of the historv 
of suck-and-blow devices Asphy'xia is dis- 
cussed, as well as the arguments pro and 
con m the various methods of resuscitation 
including chemical analeptics in contradis- 
tmction to the reflex analeptic, pulmonarv 
suck-and-blow 
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The Reactton lOf the Penpheral Ctrculation to Cold m Sclerodenm, 
Raynatid^s Disease and Thro^nho- Angiitis Obliterans* 

H R Miller, J Marrus, M S and BE^^RLY C Smith 


On the basis of results m acclimatisation 
earned out on normal subjects in the Cli- 
matic Research Unit of the Signal Corps, 
Fort Monmouth, investigations uere under- 
taken to determine the reaction of the cir- 
culation of the extremities exposed to in- 
tense cold in subjects with scleroderma, 
RajTiaud’s chsease and TAO 
Cold normal digits re%ealed an nbiht\ to 
warm up spontaneousR (phasic rise and 
fall in skin temperature) Warming could 
also be induced h\ temporarilj occluding 
the circulabon of the hmb or b\ haiing the 
subject breathe CO, enriched mixtures 
The cold digits m the pathological condi- 
tions exhibited two tx’pes of reactions (I) 


spontaneous warming, i e , phasic rise and 
fall m digital skin temperature as m nor- 
mal subjects, (2) a progressne rise in digi- 
tal skin temperature which lasted se\eral 
hours The latter reaction especially was 
associated with mcreased tolerance to cold, 
diminution in pain, subjecti\e sensations of 
warmth and comfort in the parts exposed 
to seiere cold, and with signs of clinical 
iinproiement in some cases 

The in\estigntions hB\e demonstrated that 
in scleroderma, RajTiaud’s disease and 
TAO, it IS possible to induce a marked and 
sustained increase in digital skin tempera- 
ture. This response maj have therapeutic 
\alue 


• From Columbia University College of Physicians and Surgeons 


* * * 


The Functional Pathology of Expemnemal Frostbite and the 
Prevention of Subsequent Gangrene 

Kurt Lange and Linn J Boyd 


The tissue alterations after exposure to 
severe cold were described and tbe sequence 
of events was iUustrated bi pathologic 
slides as weU as kodachromes of fluorescein 
tests performed at different intervals after 
exposure. 

Cold sufBcient to solidifj the exposed tis- 
sues causes a complete mterruption of cir- 
culafaon during exposure This is alwajs 
followed by a period of complete restora- 
tion of circulation and mcreased capillary 
permeability as evidenced by the fluorescein 
test This period lasts for 6 to 16 hours 
after exposure This is the most promising 
period for therapeutic endeavors The 
period of circulatory restoration is followed 
bv one with arteriolar and caplllarj occlu- 
sion resulting from the formation of red 
cell clots Gangrene of the associated area 


is tile consequence. 

Heparin administered during the period 
of circulatorv restoration prevented gan- 
grene in 16 rabbits whereas all controls had 
complete gangrene of the part. Five animals 
were exposed by f reeling small areas In 
the remaining animals the entire hmd leg 
was frozen 

Although tissue loss was completelj pre- 
vented by the early use of heparin, sensory 
and motor nerve paralysis was often not 
prevented 

A case of severe human exposure in which 
loss of tissue was to be expected wai 
treated with heparin and gangrene was 
completely and successfuUj prevented 

Later experiments in human volunteers 
also showed the vabditj of this treatment 
in cases of human frostbite 
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Heparni m the Treatviem of Experivmnal Hiivrmi Frost Bite 

Leo Loewe, Kurt Lange and Philip Rosenblatt 


The functional pntholofri of experimental 
frost bite in the rabbit has been elucidated 
b\ Lange and Bojd* through the medium 
of the fluorescein test In the initial stages 
of frost bite there is merely clumping of 
eri’throcj’tes in the small vessels due prob- 
ably to loss of plasma through the highly 
permeable lasciilar walls These stranded 
red cells which silt up the blood vessels 
forming a sludge do not, in the beginning, 
represent true thrombi Organization into 
thrombi supenenes only after approxi- 
mately 72 hours They discovered that 
thrombosis and complicating infarctiie gan- 
grene after experimental frost bite could 
be preiented by heparinization, if started 
early 

Experiments were projected in human 
volunteers to (1) reafBrm the effectiveness 
of early heparinization, and (2) to develop 


a simple practical therapeutic program 
For the latter, subcutaneous liepann/ Pitkin 
Menstruum was the method of choice. 

Experimental frost bite was induced in 
lutnian subjects bv applvmg to the skin the 
bottom of small porcelain crucibles filled 
with drv ice The controls developed ne- 
crosis of the exposed area, while the ade- 
quately heparinized subjects, apart from 
superficial blistering of v arv ing degree, es- 
caped any deeper inyurv Further experi- 
ments are m progress 
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Division for Papers in Pathology, Serology, 
Bacteriology and Pharmacy 

Paul Reznikoff, Chammn 


# ♦ * 


Repository hijectton of Penrcillm m Water-m-Oil Evmlston 

Effect on Gonorrhea 

A Cohn, B A Kornblith, I Grunstein, K J Thomson and 

Jules Freund 


A study was undertaken to determine if 
penicillin injected intramuscularly is more 
effective in a vvater-in-od emulsion than in 
aqueous solution It was hoped that the 
absorption of penicilbn might be prolonged 
by incorporating it in a water-in-oil emul- 
sion so that the number of iniections and 
perhaps the amount of penicillin could be 
reduced 

Single doses of water-in-oil emulsions of 
penicilbn were prepared by a simple rapid- 
technique as follows One and four tenths 


cc of sterile 0 85 per cent salt solution arc 
drawTi into a sterile svringe and ejected 
into a vial containing 100,000 O U of drv 
penicillin To the penicillin solution 3 1 cc 
of an autoclaved mixture containing 11 
parts of a lanolin-like substance (Falha) 
and 20 parts of peanut oil arc added bv 
means of a sterile syringe and a 17 gauge 
needle. With the needle still inserted 
through the rubber cap of tlie vnal the 
mixture can be readilv emulsified bv re- 
peated withdrawals and rapid reinjections 
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into the mbL As soon as the mixture as- 
sumes a uniformh creami, slighth iisekl 
consistency, satlsfacton emulsification has 
occurred The mixture is then read) for 
intramuscular mjection 

Serum penicillin concentrations m pa- 
tients with gonococcal infections after a 
single intramuscular injection of 160,000 
O U of penicillin jielded detectable 
amounts of penicillin in a range of 2 6 O U 
per cc. yithin half an hour after miection 
to 0 008 O U per cc 7 hours after in- 
jection Corresponding determinations of 
urmarj excretion of penicillin ^ lelded ap- 


preciable amounts of penicillin as long as 28 
hours after the original single mjection 
The results of treating 62 patients with 
goncoccal infections b\ a single repositorj 
injection of 160,000 O U of penicilbn uere 
50 cures and 2 failures Fort\-nine addi- 
tional cases were treated by a single in- 
jection of 100,000 O U of penlcdlm in 
water-m-oil emulsion to uhich uas added a 
“priming” dose of 60,000 O U of penicillin 
in aqueous solution simultaneoush No fail- 
ure was obsened m this group No toxic 
side effects Mere obseried, the local site 
of mjection shoMed no untouard reacbons 


« * « 


The Oral Advmnstratton of Pentctllin m Normal Subjects and m 
Patients with Pneumococcus Pneumonia* 

Walsh McDermott, Paul A Bunn, Maria Benoit, 
Rebeckah Du Bois and Willetta Haynes 

Department of Medicine Cornell University Medical College and New York Hospital 


The oral administration of penicillin bs a 
number of methods, which have included 
the use of oil, oil and beeswax, aqueous 
solution preceded by a buffer, and aqueous 
■solubon alone, has been inrestigated in a 
series of normal subjects and patients Mith 
pneumococcus pneumonia It Mas concluded 
that 

1 It IS possible to attain blood penicillin 
concentrations after administrabon com- 
parable to those attamed after intra- 
muscular administration by the use of 
approximately flye times as much penicillin 

2 As the concentrabons attamed in the 
blood, and the amount excreted m the urine 
■following the ingestion of penicillin in four 


different vehicles including Mater Mere all 
of the same order of magnitude, it would 
seem that none of the vehicles studied pro- 
tected the penicillin from destruction m the 
bodj and that the absorption which oc- 
curred Mas merelv a reflecUon of the 
amount of penicillin which Mas ingested 
8 The therapeutic results attamed fol- 
lowing orallv administered penicdlin to 
forty patients with pneumococcus pneu- 
monia Mere comparable to those observed 
after intramuscular therapy and were 
equallj satisfactory Mhether the penicillin 
Mas adnunistered in oil, m Mater, or as the 
dry' poMder ii> a capsule 


The work described m this paper was done under a contract recommended by the Committee on Medi 
cal Research, between the Office of Scientihc Research and Development and Cornell Umversitj 



444 


THE BULLETIN 


Siibclmical Trichinosis A Clinical and Pathologic Study 

S E Gould 

Elotsc Hospital 


A surpnsingU high incidence'' of tnchi- 
nous infection (as high ns 29 3 per cent, ac- 
cording to the method of examination used) 
■was found in persons coming to autopsi' at 
Eloise Hospital, the countv hospital of the 
Detroit area A study was undertaken to 
determine the i alue of intrndernial and 
precipitin tests and eosinophdic cell counts 
m the diagnosis of old subcllnicnl trichi- 
nosis The results of these tests made during 
life were correlated with the presence or 
absence of TrichvneUa spiralis m tliose per- 
sons who had been clinicall) tested and who 
later came to autopsj 
Of 3601 patients who had been skin- 
tested with trichina antigens, 388 were 
examined for tnchinellae at autopsy, of 
648 who had had blood precipitin testa, 66 
came to autopsy and were exammed for 
larvae, while 886 patients who had had 
eosinophilic cell counts during life were 
similarly investigated for trichinae post 
mortem It was found that the trichina 


mtradermal and precipitin tests and the 
eosinophilic cell count cannot be relied upon 
to indicate the presence of old subclinicnl 
tnclunosis Eosinophiha usually persists ff 
months and rarely more than a venr after 
infection It is believed that the blood pre- 
cipitin test remains positive for 1 or 2 vears 
and that the immediate tj'pe of mtradermal 
reaction maj be elicited, on the average, 
for nearlv 10 jears after infection The 
immediate intradermal test was found to 
be more sensitive and easier to read than 
the delayed intradermal test About S per 
cent of reactions obtained vvnth the imme- 
diate intradermal tests were non-specific in 
nature and were believed to be possibly due 
to sensitization induced by antigenic ma- 
terial in non-viable trichinae present m. 
ingested pork The possibility of obtaining 
either non-specific intradermal reactions, or 
speafic reacbons from previous trichinous 
infection, should be remembered in testing- 
patients with suspecteil clinical trichinosis. 


* * * 


Methods for Aclneving Optmnini Pemcillm Blood Levels Including the 
Use of Enhcmcmg Agents Such as Para-Anmolnppimc Acid 

Leo Loewe, Philip Rosenblatt and Erna Alture-Werber, PhD 


This studv was undertaken to determine 
optimum penicillin dosages in patients with 
subacute bacterial endocarditis who were 
refractorv to treatment, and also, those m- 
fected with Streptococcus s b e In v lew of 
ineffective pemcilhn blood levels obtained 
with standard dosages in these resistant 
pabents, it was necessarv to employ huge 
amounts of peniallm before achieving thera- 
peutic levels Because of the non-toxic char- 
acter of the presentlv available penicillin, 
dosages up to tliirtv million Oxford units 
per daj were administered bv continuous 
venocljsis The uninterrupted flow of tins 
massive dosage, which was well tolerated. 


was made possible onlj by tlie conjoint use 
of hepann Continuous intramuscular ad- 
mmistration could not be emploved because 
of the severe pain, local reaction and fever 
mduced Blood levels of GO Oxford units 
per cc were obtained To conserve peni- 
cillin, enhancing agents such as para-ammo- 
hippuric aad were successfullv eniplojcd in 
some experiments The clinical importance- 
of these results is evident in connection with 
resistant organisms in subacute bactenal 
endocarditis and also in the management of 
the group of diseases caused presumably 
bv penicillin insensitive tvpes of organisms. 
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SuddeTj Deaths m litfcmcy 

Jacob Werne and Irene Garrow 


The investigation of sudden deaths during 
infancy has, in the past, been relatnely un- 
satisfactory These cases haie usually been 
certified as due to accidental mechanical 
suffocation if the subject has been found 
dead in the crib, or as status thymico- 
lymphaticus if the death occurred imder 
other arcumstances and stdl remained un- 
explained at autopsy 

The authors have been studymg this prob- 
lem for the past 14 years in the Ofiice of 
The Chief Medical Exammer, Borougli of 


Queens, and conclude that the sudden death 
of an mfant, unexplained bv gross findings 
at the autopsy table, will, on further m- 
lesbgation (microscopic, bacteriologie and 
epidemiologic), proie to be an expression 
of fubrnnatlng infection, usuall> respiratory 
in origin 

This presentation summarizes the com- 
pleted study of some 200 cases, mcluding 
control material consistmg of mfants dymg 
of trauma and of those dying of known 
respiratory infections 


# * ♦ 


An Investigation of Type Specific Memngococcic Agglutinins m 
Human Serum. U—lvmnmologtcal Response of Proved Cases of 
Menmgococcic Infection 

Carolyn R Falk and Emanuel Appelbaum 

Bureau of Laboratories of the Department of Health of the City of New \ork 


The meningococcus agglutinin content of 
262 bacteriologically proved cases of men- 
mgococac infection was studied over a 
three-jear period durmg which the inci- 
dence of this disease was high Samples of 
serum 'Were taken from the same patient 
from 1 to 84 times at mtervals of from 1 
to 21 days, and were representative of the 
acute, subacute, and convalescent stages 
Agglutmins in significant titers were 
found in 46 per cent of serums obtained 
during the acute, in 79 per cSnt of serums 
taken during the subkcute, and in 68 per 
cent of serums obtained durmg the conva- 
lescent phase The agglutinins appeared 
most regularly at the end of the first week 
of illness and reached a maximum titer 
durmg the second and third week There 
was considerable mdividual variation as to 
the length of time that agglutinms per- 
sisted The titers fell to pre-infection leiels 
between the third week and the fourth 
month after onset. 


Agglutinins for Group I, Group II, and 
Group Il-alpha meningococci were found 
alone or in combination with each other 
The agglutinins corresponded in prevalence 
with the type distribution of the infectmg 
organisms The type of tl^e agglutmms 
found in the patients’ serums corresponded 
with the homologous mfecting organism in 
the 82 cases where both the mfecting organ- 
ism and the serum were available for study 
The agglutination test may be useful in 
determlnmg the type of the mfecting or- 
ganism in cases where meningococci were 
not cultured from the blood or spinal fluid 
and in which the “QueUung” test was un- 
successful. This test may also he of value 
as an additional diagnostic procedure in 
cases of suspected menmgococcic infection 
where other laboratory onfirmation is lack- 
ing In this connection the importance of 
performing several tests to demonstrate the 
change of agglutinm titer cannot be over- 
emphasized 
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Morphological Studies of Salmonella Typht Murium and 
Salmonella Ententidis m Guinea Figs and Mice 

Alfred Angrist and Mollie Mollov, B S , M A 


Abo\e strains of salmonella organisms, 
recovered from human cases coming to 
autopsj’’, were fed to guinea pigs and mice, 
to note the morphological changes, particu- 
larly in the early stages The source of the 
tvphi murium organism "nas a case which 
came to autops}^ ivith a typical picture of 
tj'phoid fever histologicallj 
One cc. of an 18-hour broth culture was 
fed to guinea pigs weighmg between 250 
and 300 grams, and cc was given to 
18-to-20-gram mice. Natural infection was 
ruled out before the feeding experiments 
Infeeted animals were kiUed at varying 
periods, or when they appeared ill Post 
mortem cultures and sections for histologi- 
cal study were taken of the heart, liver, 
spleen, nodes and intestine of the infected 
animals, as well as from the control group 
In all cases, the original organisms were 
isolated from the infected group onlj 
'The detailed morphological studies of the 


reaction in the Payer’s patch are presented 
The exudative and proliferate e changes, 
and the necroses selecbvely localized to such 
delimited areas of the gut (PejePs patch) 
permit of the study of the earlj phases of 
bacterial iniasion The theoretical implica- 
tions of the aboie morphological observa- 
tions as to tlie meclianism of infection and 
of the necroses with sloughing and ulcera- 
tion, as thej apply to human paratyphoid 
and typhoid infections, are discussed 
briefly 

The reacbon in Peyer’s patches and the- 
regional mesenteric Ijinph node tissue seems 
to be independent of the antigenic struc- 
ture and to be contingent upon the relative 
general virulence of the organism and the 
resistance of the host, portal of entry and 
method of insertion in this instance A 
parallelism with primary tuberculosis is 
drawn 


* * * 


Oral Administration of Pentcillm for TreaPnent of Gonococcal Infections 
Alfred Cohn, Borris A Kornblith and Isaak Grunstein 


Experimental observations of Schnitzer 
and Ercoli showed that mice infected with 
various organisms responded to oral ther- 
apy with pemcilbn 

They also found that when humans were 
given single doses of 120,000 O U of peni- 
ciUm by mouth the blood serum levels 
varied between 0 05 and 0 4 per ca within 1 
hour and dropped to less than 0 001 within 
a period of 2 to 8 hours When 240,000 
0 U were given, blood serum levels ranged 
between 01 and 04 O U within 1 hour 
and gradually dropped to 0 025 O U per 
cc. vvithm a period of 3 to 5 hours Two 
subjects receiving 120,000 O U and 240,000 
O U rcspecUvely failed to show any ap- 


preciable blood serum penicillin level 

In view of these findings 40 paUents 
w'lth gonococcal infecbons were given oral 
penicillin therapy m tablet form. In a group 
of eleven patients 800,000 O U of peni- 
cillin were given in divided doses of 60,000 
O U every 2 hours over a period of 8 
hours Another group of 29 paUents re- 
ceived 600,000 O U in divided doses of 
120,000 O U every 2 hours over a period 
of 8 hours 

Of the total of 40 patients treated, 30 
were cured and 10 failed to respond to this, 
form of therapy The percentage of failure 
in each group was practicaUv the same. Na 
toxic side effects were observed 
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Experimental Study on the Activity of Pemcilhn Administered Orally m 
Experimental Streptococcus, Pneumococcus, and Meningococcus 

Infection of Mice 

R J ScHNiTZER, N Ercoli, D J Longacre and G Soo-Hoo, M S 


In large senes of experiments, it was 
shown that sodium peniallin administered 
oraUy m aqueous solution exerts a striking 
therapeutic effect in all experimental in- 
fections which respond to the parenteral 
administration of penialhn A compari- 
son of the dosage required to protect at 
least 60 per cent of the intraabdominally 
infected animals showed that the ratio 
minimal oral dose 

varies with the 

minimal subcutaneous dose 
different mfections 

In mfections witli the \erv sensitiie 
P-hemoIytic streptococci and with pneumo- 
cocci Uqie 1 and tjq>e 2, this ratio was 10, 
indicating that a 10 times higher dose of 
penicillin was required bj the oral route. 
Infections with Staphylococcus aureus and 
memngococa required higher doses for the 
subcutaneous treatment, and m these cases. 


the ratio oral /subcutaneous-treatment be- 
came much smaller and was found to be 
not more than 2 6 for the staphylococcal 
and 10m the meningococcal infection 
We found these observations confirmed 
in 8 more experimental mfections wbicli 
also could only be controlled by compara- 
tivelj higlv doses (2000-4000 units) of 
parenterallj administered penicillin In m- 
fections of mice vitb Salmonella scliott- 
niUlleri, with Borrelia novyi, and in the 
tntronaml infection of mice with type 2 
pneumococci, the ratio was 1 0 to 2 0 

Altliough the determmation of the peni- 
cillin concentration in the serum allowed an 
interpretation of these findings to a certain 
extent, the effectii eness of penicillin treat- 
ment seemed to depend largely on the 
susceptibility of the infecting microorganism 
and on the defense mechanism of the host 


* * • 


The Proteolytic Activity of Serum and Plasma 
L R Christensen, Ph D and Colin M Macleod 


The presence of proteolytic activity in 
serum and plasma has been known for manj 
years In general the activity is not demon- 
strable unless the serum has first been 
treated with chemical agents, such as chloro- 
form and other organic solvents, organic 
compounds, such as urea and cresols, or 
unless the serum has been treated by dialy- 
sis or acidification Recently it has been 
shown that the phenomenon of streptococcal 
fibrmolysis is due to the actuation of a 
serum ensyme by streptococcal fibrinolysin 
Evidence will be presented indicating that 
the ensyme activated by fibnnolysin and 
that activated by other agents are identical 
Characterizabon of this enzymie m regard 
to the effects of pH and temperature on 
its activity, and to the effect of certain spe- 
cific protease inhibitors mdicate that the 
enzymie differs from known enzymes and 


probably' represents a specific protease, 
characteristic of serum. Data wdl be pre- 
sented mdlcatmg that activation of the 
enzyme by streptococcal fibnnolysin is an 
enzymatic type of reaction, suggesting tlie 
conversion of the macbve enzyme or zymo- 
gen m serum to an active state by strep- 
tococcal flbrmolysin, a kinase, analogous to 
the enterokmase actlvabon of try'psmogen 
A nomenclature is suggested for this 
serum enzyme system analogous to that 
used for other proteases The active en- 
zyme is termed “plasnun” to denote its 
origin, the plasma The enzyme, as nor- 
mally present m the blood, is termed “plas- 
mmogen” to denote its inactive or zymogen 
state. Flbrinoh sm is termed “streptokinase” 
to denote its origin and acbon 
Certam imphcations of these findings will 
be discussed 
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The Use of Radioactive Sodmm m Studies of Circulation m the 

Extreimttes* 

Beverly C Smith and Edith H Quimby, ScD 


With the contlnunlly lengthening span of 
life, more persons live to develop degenera- 
tive arterial disease in the extremities 
Pathological arterial changes alter circula- 
tion time, volume of blood circulating in 
the extremity, and relationship of plasma 
and extravascular fluid Any means of ob- 
taming information regarding these matters 
should be helpful in diagnosis and prog- 
nosis We here report a metliod nliereln 
mtraienous injections of small amounts of 
radioactive sodium are used m circulation 
studies 

The radioactive sodium is obtained from 
the cyclotron laboratorj of Columbia Unl- 
\ersity, it is prepared in sterile saline for 
mtravenous use The disintegrating radio- 
actiie atoms are detected bj a Geiger- 
MuUer counting apparatus which giies an 
audible click for each disintegration 

The test is carried out as follows The 
patient lies on his back, and the shield con- 
taining the Geiger-Muller counting tube is 
placed against the plantar metatarsal re- 
gion of the foot The desired amount of 
radiosodium is injected into an ante-Cubitai 
vem The electric stop-clock and the injec- 
tion being started simultaneously, the click- 
ing of the counter mdicates the arrival of 
the material at the foot,' and tlie arm-to- 
foot circulation time is rmmediatelj estab- 
lished ' 

If 'the counter is kept’ in position against 
the foot,*and counts are made each minute, 
the countmg rate is found to mcrease 
steadih, quite rapidh at first and then 


more slowly This is due to the inter- 
change of sodium between plasma and ex- 
tra! ascular fluid until equilibrium is reached 
between the two The pattern of the build- 
up cune depends on the blood siipph, the 
state of the \essels, and otlier conditions in 
the extremity Circulation time and build- 
up pattern for normals haie been estab- 
lished, and similar studies have been made 
in some 200 diseased indiiiduals These in- 
clude fairlj extensive series of patients with 
hjqiertension, arteriosclerosis, diabetes and 
thromboangiitis obliterans, and smaller 
groups witli a wade lanety of conditions 
When the main peripheral and collateral 
vessels are normal, the build-up pattern is 
that of the normal individual If the mam 
preipheral v'cssels are not palpable and 
osciUometnc readings are absent or low, 
the rate of build-up largelv measures tlie 
exisbng collateral circulation, and tlie 
nearer this approaches to the normal pat- 
tern the more adequately is the collateral 
arculation able to carry on the function of 
the impoverished main vessels 
These observations have been found to 
parallel closely clinical history and observa- 
tion They are now being used as a guide 
to therapy In particular, a demonstration 
of adequacv of circulation in a projected 
amputation site has been of considerable 
aid in conservative surgerj Repetition of 
the test at intervals during or following 
therapv affords an estimate of the pa- 
tient’s progress 


From the Departments of Surgery and Radiology, College of Physicians and Surgeons, Columbia 
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THE PHYSICIAN AND THE PROBLEM 
OF ALCOHOLISM* 

Howard W Haggard 

gSBSEsasHSHSWHAT I shall have to say thus afternoon on alcoholism is di- 
K a rected not at all to the speaalist treatmg this disease but 

i w § to the non-speciahst, the physician who meets the alco- 
g S hohc and his family as mcidental to his practice of 

SasHSasESHSES^ medicme The practitioner cannot usually be expected 
to treat the alcohol habit competently, nor would he, as a rule, wish 
to attempt this treatment But nevertheless the part he plays toward 
the success or failure of eventual recovery of the alcohohc is often the 
crucial part It is to the physician that the problems of the alcohohc 
and his family are usually brought first It is the attitude of the phy- 
sician which, m great measure, determmes the course which the aico- 
hohc will foUow and also the understandmg and cooperation— or lack 
of them— which the alcohohc and his family M'lll show A great many 
former alcohohcs, who today occupy important and respected posi- 
tions m our society, owe their eventual rehabihtation to the competent 
primary guidance of their ph>’^cians There are, I am sorry to say, 
many, probably a great many more alcohohcs who did not receive 
good primary gmdance and for whom their physicians were not aids 
but actual, and sometunes msurmountable, obstacles to recover}’" We 
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usually think of that basic Hippocratic aphonsm of our profession, 
prwm non nocere—^ivsx. do no harm— as applying only to misuse of drug 
and knife, but m respect to alcoholism the misuse of word and attitude 
may be equally harmful 

I shall devote much of my talk to this matter of the attitude of 
the physician toward the alcoholic and the influence of this attitude 
upon the treatment for alcohohsm But flxst, I want to try to clarify 
a common misunderstandmg which has frequently influenced the scien- 
tiflc if not the personal attitude of the physician toward the alcoholic 
and his problem It is the misconception of alcoholic as contrasted to 
alcoholism, one concerns the man and the other his habit I have said 
that the non-speciahst practitioner cannot usually be expected to treat 
alcoholism, he can, however, most competently treat the alcoholic This 
is not a qmbble in termmology, there is a vast difference between the 
two which is frequently overlooked The treatment of the alcoholic 
consists in sobenng up the man, giving him some symptomatic relief, 
determining and remedying his physical disturbances, correcting his 
dietary deficiencies, keepmg him under good medical and hygiemc 
care until some measure of normal physical health is restored Unfor- 
tunately, some physicians, and even some mstituoons, consider this 
an ultimate treatment Under their care the alcohohc, in a week or 
a month, may show marked physical improvement, he may even stop 
drinking for another week or another month but m the great majority 
of mstances he starts his heav)^ dnnkmg again This relapse and a sec- 
ond, a thud, a fourth and a fifth, each following a period of treatment 
of the alcohohc, are discouragmg It leads to pessimism not only as to 
the expectation of more than temporary benefits of physical rehabili- 
tation but also, and more important, as to the probability of any re- 
covery from alcoholism The pessimism shows m the aratude of the 
physician toward the alcohohc, it is sensed acutely by him to the 
detnment of any subsequent therapeutic success 

Actually the pessimism is not justified It is not surprising or dis- 
couragmg that a habit persists when treatment is not duected to the 
habit but only to the physical derangements which are results and 
not causes of the habit 

Again, the pessimism of the physician may onginate in or be rein- 
forced by nvo undeniable facts wluch seem discouraging in theu bald- 
est statement but which are far from discouragmg m theu mterpreta- 
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non The first is that alcoholism cannot be cured That, today, in the 
great majority of instances, is sciennfically correct But it is correct 
only if the physician will insist upon the same ngid defininon and use 
of the word “cure” when applied to other diseases There is no specific 
for alcoholism as there is for syphilis Likewise, there is none for tuber- 
culosis and typhoid fever, but this lack does not impart a corresponding 
pessimism as to a possible recovery The fact that there is no cure, in 
the strictest sense of the word, for these diseases does not deter the 
physician from applymg every measure which will give the greatest 
opportumty for recovery We are prone to forget that the tremen- 
dous advancement of medicine which arouses our enthusiasm has by 
no means taken all of the truth from the modest words— now 400 years 
old— of Pare “I treated him, God healed him ” Or perhaps you might 
prefer to say it impersonally, but with equal medical humility and un- 
derstandmg “He got well under treatment ” 

The second undeniable fact is that recovery from alcoholism nearly 
always means only that the former alcohohc has ceased to drink and, 
of course, has become rehabilitated It rarely means that he has regamed 
or obtained what might be called a normal reaction to the use of alco- 
hol The compulsion to dnnk excessively is not eradicated, it is simply 
brought under control and it is held under control but only as long 
as no alcohol is taken One dnnk, and the compulsion may agam domi- 
nate Recovery from the habit is usually a symptomatic recovety only 

These wo facts must be recognized and they must be faced not 
only by the panent but also by his physician They are not discouraging 
facts that can be construed to give to the physician— and through him 
to the patient— the obstacle of disbehef in recovery The important fact 
IS that \vith proper gmdance a high percentage of alcoholics can learn 
to control their habit and become rehabihtated And most of them 
are— even aside from any humamtanan consideration— n^ell nmrth re- 
habditating 

There are many forms of treatment for alcoholism and, for all, 
recoveries are claimed and no doubt obtained Mulntherapy always 
arouses suspicion in the mmd of the physician, for from expenence 
he knows that any malady which has many treatments has no good 
one But the assumption that because there are many treatments with 
recoveries from alcohohsm, none is valid must rest upon a priori as- 
sumption that the excessive use of alcohol, the determining s}’^mptom, 
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has always a common etiology I do not think that it can be sho^m 
that there is a common etiology for excessive drinking 

Such a statement imphes disbehef m physical, chemical, or phar- 
macological idiosyncrasy as the basis upon which excessive drinking 
rests The discovery of such a basis, if one could ever be made, would 
hold our great promise not only for the pharmacological cure of alco- 
holism but also for the more important prevenoon by the designation, 
from tests, of those who ivere susceptible to alcoholism and therefore 
must never dnnk The psychiatrist, from his mability to find a definite 
prealcohohc type of personality, is prone at times to pass the matter 
back to the physiologist and pharmacologist It is true that he raises 
pertinent questions, such as these Some men with manic depressive 
psychosis dnnk to excess, especially periodically, but others with this 
psychosis do not Why, when alcohol is umversally available and widely 
experienced, do some find a partial s}'^mptomatic relief m dnnlcing and 
others do not^ The same apphes to the early schizophremc Some be- 
come violent symptomatic drinkers, others do not dnnk at all Among 
alcoholics there appears to be a large number of psychoneurotics, but 
there is a vastly larger number of psychoneurotics of equal or even 
greater mvolvement who, with like opportumt^’’, do not dnnk to ex- 
cess Such facts as these qmte naturally suggest the possibihty of a 
somatic common denommator actmg among those who turn to alcohol 
None which is vahd has ever been found, and in the extensive phy- 
siological studies deahng with the action of alcohol none has ever been 
soundly mdicated 

One especial feature characterizing the dnnking behavior of many 
alcohohcs has led some authors to the postulation of an allergc-hke 
reaction to alcohol which, by them, is taken as a common denominat- 
ing somatic factor This so-called ailerg)^ has as its major manifestation 
not the usual allergic reacaons, but instead, uncontrollable dnnking 
after a dnnk is taken That is, the alcoholic can become abstinent and 
can remain so but he cannot become moderate in his use of alcohol 

His action is none, or all , , . u a 

The concepnon of an aUergic-hke response to alcohol has had 

a measure of recent populanty because it is particularly acceptable to 
the alcoholic First, in vieiv of the wide popular interest in allergies 
for foods and pollens, the alcoholic can find an understandable ex- 
planation of w^hy he must shun all alcohol, second, the allergy idea pro- 
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vides the alcoholic with an excuse which receives sympathetic under- 
standmg when he refuses a drink with the explanauon that he is “aller- 
gic” to alcohol, and third, he is given an ego satisfaction, which he 
needs badly, m being physically rather than mentally or morally dif- 
ferent from the majonty of human beings and in having no volitional 
responsibihty for this difference The acute sufferer from asthma, hives 
and hay fever rarely appreciates the distmction conferred by his allergy, 
but the mdividual who, after taking one drink, invariably goes on a 
spree may find considerable comfort m the explanation that his be- 
havior IS due to an unfortunate body chemistry 

Now, as a matter of fact, when the hterature is searched carefully 
to follow the rise of the concept of an allergic ongin of craving it is 
found that with few excepuons the idea advanced has been mainly 
metaphorical The actual term used has been “psychic allergy” or a 
“psychobiological sensitivity which is practically an allergy” which 
perhaps may be defined as a condition of exaggerated response in which 
the allergen is a mental or emotional state It is doubtful if the readers 
of such statements— and certainly not the patient to whom they are 
repeated— note the qualifying term of psychic, psychic allerg\% which 
removes the matter from somauc cellular reactions and restores it to 
mental reacaons The more familiar ideas of chemical allergy to foods 
and pollens tend to blind one to the qualification of “psychic allergy” 
and lead to the inference of a true chemical allergy to alcohol for 
v^hich there is no scientific basis 

The attempt to express alcohohsm in terms of allergy is not sur- 
pnsing in light of the long history of the effort to find a pharmaco- 
logical basis Similar attempt has been made to attach the basis of alco- 
holism to many medical discoveries which have attracted vude popular 
interest Tlius, near the end of the last century attempts were made to 
prepare an mimunizing serum from gradually alcoholized horses Toxic 
states, gouty impurities, and endocnne disturbances have all been ad- 
vanced as causes Such attempts have not failed because they ad- 
vanced a single etiology or a somatic enology, but because they ad- 
vanced false etiologies 

The lack of a defined common etiologv’^ means that the practitioner 
in deahng wnth his alcoholic patient, must make some differentiations 
if he is to direct his patient to the most advantageous therapy— the one 
best suited to the alcoholic At this early stage there comes an im- 
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portant qualification, it is the one of economics If the patient can 
afford possibly long and necessarily expensive care, the diagnosis and 
full responsibihty for therapy and rehabilitation can be shifted to one 
of the competently staffed private mstitutions treatmg alcoholism (in 
contrast to those treatmg only the alcoholic as I developed earlier) In 
many, perhaps the majonty of instances, the alcohohc cannot afford 
this care The responsibihty of obtammg the most advantageous therapy 
that the patient can afford then rests upon the physician The selec- 
tion of the therapy involves preliminary diagnostic study but of a 
sort that requires no extensive psychiatric sophistication The questions 
before the physician are First, is this patient an alcohohc^ And second, 
if so, what general sort of alcohohc is he^ 

The first question enters only occasionally Usually the history of 
the individual leaves httle doubt that he is dnnking m great excess but 
occasionally there is doubt Once in a while an mdividual who is dis- 
tmctly hypochrondnacal will volunteer the statement that he fears alco- 
hol is gettmg the better of him and that he is becoming an alcohohc 
More often perhaps the wife or the mother comes to the practitioner 
with the statement— based often on a complete lack of sophistication or, 
more likely, on strong ana-alcohol convicaons— that her husband or son 
is an alcohohc Such statements are frequently expressions of a losmg 
part m an argument on the quesaon of any use of alcohol, in which 
reinforcement from the physician is sought 

The presumed alcohohc, brought or forced to the physician by 
a member of his family is, as a rule, not m a favorable situation for 
that rapport benveen the physician and paaent which is necessary 
for the successful aeatment of alcoholism Somewhat more favorably 
situated is the paaent who is under aeatment for some somaac com- 
plaint and in whom the physician discovers the probabihty of alco- 
holism Both such paaents may stoutly deny that they are alcohohcs 
It would seem undesirable that the physician make his decision wholly 
on the basis of the amount of alcohol consumed per day unless that 
amount is so large as to be unmistakably excessive even under the most 
hberal standards I have heard physicians discuss the matter of amounts 
of dnnking that mdicate alcoholism and these amounts vary only with 
the physician’s personal convicaons and habits and hopes Thus I have 
heard physicians say that they considered as an alcoholic anyone who 
daily drank nvo glasses of beer or two ounces of whisky, and I have 
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heard others dismiss it'ith a shrug the drinking of a pint or more of 
whisky a day, over a long period of time 

Again, It may be n^eil to remember that in stating amounts con- 
sumed daily, both the alcoholic and his family are often biased and 
consciously or unconsciously over- or under-estimate One of the best 
tests for many, but not all, alcoholics is not in amount, not m asking 
the possible alcohohc to see if he can abstam entirely— for many can— 
but to limit his drmking for a time strictly to nvo dnnks a day That, 
most cannot do And the fact that he cannot, may, for the first time, 
brmg home to the patient the fact that he is actually an alcoholic and 
does not have the control over his habit which he believed he had 

Havmg established the fact, or presumption, that the patient is 
an alcohohc, the next diagnostic measure— barring the physical examm- 
ation— would be to make an evaluaaon as to u'hat sort of alcohohc the 
patient is There are numerous and elaborate classifications but a con- 
venient and sufficient, but quite arbitrary one, for the general pur- 
poses with which I deal is (i) symptomatic drinkmg, (2) true addic- 
tion, and (3) secondary addiction The distinctions are, as I say, arbi- 
trary and open to ps}'’chiatnc argument which I certainly would not 
attempt to defend But for the purposes here, I think it may be taken 
that the symptomatic dnnker is a man whose excessive drinking is one 
of many possible symptoms of some deep-seated disturbance— possibly 
a psjmhosis Some diagnostic guidance may be had from the nature 
of the dnnking If it is periodic, perhaps at inten^als of several months, 
with abstemious penods, the possibility of a manic depressive psychosis 
in which the patient dnnks in either the manic or depressive stage 
may suggest itself, hlceMose suggested may be epileptic states, and oc- 
casionally severe endoenne dysfunction If sj’^mptomatic dnnking is 
steady, wild and witless, the possibility of early schizophrenia (especi- 
ally if the patient is young) or early general paresis, may be suggested 
Recovery’^ from alcoholism under any form of treatment directed only 
at the alcohohsm is useless in the s^miptomatic dnnker Psychotherapy, 
aversion therapy, or counselling by Alcoholics Anonymous would lead 
only to failure Avith the possible remforcement of the pessimistic idea 
that treatment for alcoholism is hopeless Thorough ps}’-chiatnc exam- 
ination IS indicated before any time is asted in treating the habit of 
the sj’^mptomatic dnnker 

In most classificanons, a disunction is made between so-called true 
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addicts and secondar)'- addicts The distinction is mainly that of degree 
of psychopathology inherent m the dnnker before he started dnnlung 
The true addicts have a profound but non-psychotic maladjustment, 
they are the most dramatic and the most pitiful of the excessive drinkers 
but fortunately, at present, the smallest group I put in the qualifica- 
tion of “at present,” for a profound and widespread alteration of so- 
cial and economic conditions may lower the level at which malad- 
justment of personality is manifest The true addicts make up the group 
that occupies a prominent position in popular and medical views, be- 
cause they express to the highest degree the general conception of the 
true alcoholics— the men to whom alcohol is a complete solution to 
the problem of adjustment They do not respond well to treatment, 
but they are not entirely hopeless, for if they can be shown and con- 
vmced that their conflicts can be relieved by means other than alcohol, 
they may develop more acceptable behavior They, again, are not the 
type of alcohohes for whom the aversion treatment or the counselling 
of the Alcoholics Anonymous, or any treatment on a similar plane, 
would be likely of success They are the problems, and the difficult 
problems, for the psychotherapist in the broadest use of this term 
So far, I have tried to differentiate nvo broad classes— I might say 
exclude them— on the basis of maladjustment so severe that abolition 
only of the symptoms of excessive drinking and rehabilitation would 
yield an individual who was still unable to make adjustments even ap- 
proaching the normal After this exclusion, there is left a very large 
number of alcoholics whose prealcoholic psychopathology falls within 
that wide and indefinite range for individuals who could make reason- 
ably normal adjustments They were not, before their alcoholism de- 
veloped, severe psychoneurotics, they are men whose drinking habits 
have become abnormal under the influence of predominantly exo- 
genous factors— including alcohol itself 

No prealcohohe personahty type has been differentiated for this 
large group of alcoholics to which I have reference here Possibly 
searching ps)mhiatric exanunation might indicate certain tendencies but 
as yet none has been found which is sufficient for the selecaon, with 
any certainty, of potential alcohohes of this group After the alcoholism 
has become well developed, however, certain general personality or 
character traits seem to appear, to be superimposed or possibly un- 
covered They are certainly not to be taken as diagnostic cntcria, for 
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they may be found m many non-alcoholics, but they do sene in a 
measure as a fairly common factor among alcoholics The importance 
of this factor lies in the fact that it gives some understanding of the 
behavior of the alcoholic It therefore indicates an approach to deal- 
ing with the alcoholic, it indicates the atntude of the physician par- 
ticularly toward establishing that rapport which is the first and most 
essential feature toward any successful therapy for the alcoholism 
of the so-called secondary addict 

It IS not within my competence, nor is it of practical interest to the 
practitioner, to attempt any analysis of the basic forces operating 
to bring about the changes in the personality or character of the 
alcoholic It IS the clinical pictures only in u'hicli I am interested here 
In Its exhibition the change is one toward the essential egocentncity 
that so strongly characterizes the child The alcoholic may be thought 
of as a child and may best be handled as a child An appearance of 
grave respect, deep understanding, and broad tolerance with no re- 
criminations, illicits confidence from the child— and from the alcohohe 

The development of the apparent retrogressive change m person- 
ality or character of the alcoholic is often slow' In the early stages of 
excessive dnnkmg it is difficult to detect the beginning alcohohe from 
the occasional hea\y dnnkers w'ho do not become alcoholics In the 
face of difficulties the incipient alcohohe tends, perhaps, to dnnk more 
often than his associates and his dnnkmg is more hkely to reach the 
stage of drunkenness As he drinks more, he develops a greater psy- 
chological tolerance to alcohol and large amounts may be required 
to gi\c gratification Eventually, as a possible turnmg point, he goes 
on his first spree of completely uncontrolled drinking At first, sprees 
may be only occasional, but they tend to become more frequent, to oc- 
cur from less and less provocation and to last longer Gradually a com- 
pulsion to dnnk is developed, a spree tends to follow any drinking 
but periods of abstinence may sail occur between sprees At this 
stage after the spree, a deflated feeling is experienced, the enthusiasm 
and exuberance which were earned into earlier sprees and the vigor 
w Inch w as earned out of them is lacking The alcohohe is tired, guilty 
contnte, and, in his remorse, makes vow s But w ith the first subsequent 
dnnk, all responsibilits* to a ow s is disregarded And preliminary' to 
that dnnk, there is frequently a fairly definite prodromal syndrome 
A psvchic tension de\ clops, the alcohohe is irritable, crankv, sour. 
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restless and jittery Only a dnnk will relieve this tension— and a drink 
means a spree 

At this stage there is usually evidence of a type of thinking that 
shows, undisguised, the alcoholic’s juvenile egocentncity He feels 
omnipotent but insecure He demands, and expects, that he shall be 
the center of interest He is sorry for himself and interprets even 
the most reasonable demands as thwartmg lum He wants to domi- 
nate He objects to routine and restraint His attitude may anticipate 
thwartmg and be hostile, cynical, defiant At the same time he may ex- 
hibit for art, or beauty, or music, enthusiasms that are as exaggerated and 
ungmded as those of a “bobby sock” crooner fan He senses a loneli- 
ness and isolation, a feeling of being apart and of the impossibility 
of bemg close to others To this he may over-react into complete 
isolation or, in contrast, to a fawning effort to ingratiate He promises 
to do better— he has learned his lesson— but his words carry only the 
responsibility of those of the temporarily frightened and contrite spoiled 
child In degrees greater or less, exhibited through the superficialities 
of a culture which is polished or crude, this is the patient ivith ivhom 
the practitioner must deal 

If the attitude of the physician is understanding, tolerant, patient, 
serious, he may win the confidence of his patient and be able to help 
him Recrimmanons are useless, for the alcoholic has deep within him 
the strongest feelings of guilt and responds to them with hosnlity 
They are only further proof that no one understands him A high 
moral tone, preaching, dnves him away The gift of really under- 
standing the alcoholic, winning his confidence and cooperauon, is 
often held in high degree by ex-alcohohcs who act as lay therapists or 
group therapists as in Alcoholics Anonymous They have been through 
the same expenence themselves, they know the feelmg of tension, of 
discontent, of ommpotence, of guilt, and of resentment They know, 
and forgive, the inevitable “slips,” after the spree, they are able to 
mamtain their fully understanding attitude and an unabated confi- 
dence The physician, to be succesful, must maintain the same con- 
fidence 

There is no group of individuals— except children— who are more 
responsive to the attitude of the physician and sense his sincenty or 
lack of It more acutely than do alcoholics And, as I said in the be- 
gmning of this talk, it is the attitude of the physician and his depth 
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of understanding which may be the deciding factor in the rcco\ cr\ 
of the alcoholic, if he understands him and if he can make the mem- 
bers of the family and business associates likew ise understand and co- 
operate, he has a good chance of steering the alcoholic to\\ ard re- 
cover)^ Contrariwise, an adverse attitude, \\'hate\ er its reason, m ty be, 
and may remain, the insurmountable obstacle to recover)^ 

I have also mentioned earlier that there are many different therapies 
of alcoholism They are seemingly widely di\ ergent m nature, but they 
have one element in common It is the essential conxiction of the 
possibiht^'^ of recovery The alcoholic \\ ill rareh rcco\ er under any 
treatment unless he believes he can recover and he wants to recover 
One might go even further and say that if he can be so inspired to 
believe in recover)^ he will recover under almost any kind of treat- 
ment if his confidence is carried over to the treatment and identified 
with It It IS, I think, the major function of the practitioner to inspire 
the desire and confidence and then select, at the necessary'^ economic 
level, a therapy avhich he believes will be most suited to hold the 
respect of the patient 

In a recent article. Dr Abraham Alyerson has summed up the 
essenoal approach to successful therapy and also gives expression to a 
somewhat pessimistic view as to the specific virtue of any one par- 
ticular method of treatment He says “The one common factor of 
all the therapeuncs of alcohol addiction is embodied in the statement 
which IS made by all therapists The patient nmst have the destre to 
be treated He must ivish to get avell He must be v.dhng to cooperate ” 
To these factors I should add the one which I ha\e just discussed and 
which I think is equally important He vnist belieze that he can ^et 
veell Again, in this last respect the lay therapist y ho is an c\-alcoholic 
has a particular advantage, he not only speaks the alcoholic’s language 
and knows his feelings, but he has been through it all himself and is 
there as a tangible example of the possibilitx’^ of recoaery 

In creating the will to recover it is usually essential to bear con- 
tinually in mind the predominantly egocentnc attitude of the alco- 
holic The reason for recovery had best be made to stem from his own 
self-interests his own ego and not from familv neglect and failure 
of duties which ire topics prone to arouse undesirable emotional re- 
ictions Something of this reaction but in a most desirable direction 
cm somenmes be transferred to the alcohol itself by bringing it mm 
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competition -with his ego He may beheve, or pretend to believe, 
that he has control over his drinking, he is the master If he can be 
made to see, and made to realize that others also see, that m reality^ he 
is not the master, that, in spite of his claimed ommpotence, he is the 
servant, his egocentricity may be turned to advantage as resentment 
against the alcohol, or as a fear of it Again, a serious and dispassionate 
explanation by the physician of the probabihty of fairly rapid somatic 
detenoration as mcidental to his heavy drinking, may arouse sufficient 
fear and yet provide an acceptable excuse for the desire to stop 
drmkmg 

Dr Myerson, after stating the essential prerequisites to any suc- 
cessful therapy that I have given above, expands, as I have said, upon 
his doubts as to the specificity of any particular method He says “It 
may be that whatever method is used, if this will is present, if the 
desire to be free of alcohol addiction has reached that point of burning 
heat which James calls ‘conversion,’ it does not matter much whether 
benzednne sulfate, which makes one feel good, or wine of ipecac, 
which makes one vomit, is utilized, it is of relanvely httle importance 
whether an exhorter does the trick by firmg zeal through the fear of 
God or the friendly greeter of Alcohohcs Anonymous is the agent 
of reform The alkaloid strychmne will work as well, and no better, 
than the hormone insulm In other words, the essential of all these 
therapeutic measures seems to be to enhst the cooperation of the pa- 
tient, to galvamze his will, to bnng about his conversion rather than 
to use any one specific measure ” 

AVhat Dr Myerson, as a psychiatrist, is saying, if I might re- 
phrase his words m these possibly blunter ones of a physiologist, is 
the therapy of alcoholism is faith heahng The same, with equal blunt- 
ness, might be said of a good deal of psychotherapy But even if it 
be true, I see no imphcation of behttlement Physicians are prone to 
give a bad name to the whole conception of faith heahng because they 
have come to regard this term in derogauon from the early and even 
modem misapphcation of this therapy to somatic diseases Certainly 
the treatment of tuberculosis and broken legs by the lajnng on of 
hands and prayer desen’^es derision But I do not think this derision 
should be mherent m the term “faith heahng” when apphed to the 
alteration of behavior habits I doubt extremely ivhether faith has c\cr 
moved any mountams, but I know beyond doubt that it has moved 
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and IS moving whole nations of men into patterns of beha\ior into 
Iiabits for the maintenance of w Inch they arc w illing to die 1 see notli- 
ing to be ashamed of m the statement that much of the thcrap\ of 
alcoholism is faith healing and interpreting the rapport established 
benveen the patient and therapist as a feature common to all faith 
healing All that these statements signify is that there is no specific 
somatic— pharmacologic— therapy for alcoholism The important fact 
IS that a great many alcoholics can be helped to rcco\cry and to full 
rehabilitation 

^^^hllc I am not wdiolly in agreement, let us for the moment, to 
avoid argument, accept the baldest interpretation of the therapies as 
faith healing And you wall remember that I have excluded from the 
handling of alcoholism those alcoholics w'ho are symptomatic— ps)^- 
chotic— drinkers and those wath e\tensi\ c prcalcoholic psjxhopatholog)'^ 
The alcoholics to w'hom I am attempting to direct the attention of 
non-specialist practitioners arc those of that group who, w'hen their 
alcoholism is cured, their prealcoholic health and character restored, 
arc, wathin a broad interpretation of the term, reasonably normal hu- 
man beings They constitute the largest group of alcoholics and the 
majont}’’ cannot afford a long penod of institunonal care but must be 
treated, so to speak, as ambulatory ^^’’c shall assume further that the 
practinoner has met them wath a helpful attitude and carried our, 
wath some success, his vitally important function of establishing the 
prcliminar)'^ atntude tow^ard treatment The patient is thus prepared for 
the therapy of his alcoholism The selection of the therapy fails upon 
the ph\sician I have assumed, wholly for our argument, that the 
therapy is faith healing but a common designation docs not mean that 
all forms wdiich the healing may take arc equally suited to the par- 
ncular panent The therapy selected must be one that suits the patient 
one that he can believe in and will respect 

The practitioner may decide that his patient will react best to the 
group fellowship of Alcoholics Anon\ nious, that he can be touched 
by proffered understanding and ba actual aid in his “slips ” and that 
he can be aroused to a deep desire and rcsponsibilirv to help others 
If so the ncccssarv' contact should be made If on the other hand 
the pin sician feels that hus patient docs not ha\ c these qualities— perhaps 
a tnfle scnnmental in nature— he might turn to the one method best 
suited to the panent to whom a nrional medical explanation would 
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make the strongest appeal, the so-called aversion or conditioned-re- 
flev treatment This method, which consists in the attempt to arouse 
an actual distaste for alcoholic beverages by the association of their 
taste vnth nausea and vommng, possibly has a sounder physiological 
basis than faith healing only, but for it, the preliminar)^ rapport is 
necessary, dunng it, a certam amount of suggestions, and after it, periods 
of remforcement If this forthright therapy, which perhaps makes its 
greatest appeal to the pracncal and hard-headed patient, seems also 
unsuited, there remains the mdividual, more expensive, and longer 
help of the psychotherapist who should be selected not only for his 
mterest m alcoholism, but also for his personahty 

At the danger of bemg unwarrantedly repetitious, I want to say 
agam that the most essential step m any therapy of alcoholism is the 
imtial contact— the part played by the practitioner When his approach 
to the aicohohc is understandmg and tolerant, something of the rapport 
is established, and when the practitioner is willing to listen, to advise, 
to talk to the family and help straighten out social difficulties, to be 
on the alcohohc’s side, to guide him but not be exploited by him, he is 
himself carrymg out the soundest and most helpful therapy of the 
alcoholism itself 

I have spent much time on what I have repeatedly called the 
physician’s attitude and m so domg I have particularized Now I 
want to generalize, to consider what forces have shaped the attitudes 
of the physician and too often shaped them to the detriment of the 
aicohohc There is sometimes a tendency on the part of the members 
of our profession to feel that we are not only the mspurers for any 
broad social changes Math medical imphcauons but also the leaders who 
bring them mto bemg Sometimes I am led to wonder if this belief 
IS justified ^^^e all are products of the societ)'' m ivhich ive grow up, 
our fundamental viev^s and beliefs on social matters, even those Aiath 
medical miphcanons are, I suspect, most often determmed before \vc 
go into medicme It is a chastening reflecnon that some of the greatest 
humanitarian social reforms built out of the potentialities of medicine 
were not seen or pioneered or led to social appheadon by the phy- 
sician Sometimes they have even been obstructed by him Often his 
attitude has been as bigoted as that of his non-medical neighbors 

I might illustrate this unfortunate fact Math the rise and groMTh, 
a centur)’- ago, of an idea M^hich is ven'' pertinent to that held todav 
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regarding nlcoholisni You \\ ill recall that about a centurs and a half 
ago, Dr Philhpc Pincl ad\ anced the idea that the sjouptoms of m- 
sanin might be auichorucd b\ huiuanc care I'o hiiu, humane care 
meant the rcnunal of manacles and chains and the discontinuance of 
torture lliis therapeutic c\pcrimcnt aroused little interest among ph\ - 
sicians Half a centun after his tune there was no pubhch supported 
institution m the United States for the cite of the chronic insane And, 
what was even more import mt, msamt\ was not considered by the 
ph\ sician as a disease in the sense that t\ phoid and smallpox w ere 
diseases Insanity was felt to ha\c m it a large element of plain human 
weakness meanness and immoralita - it was imsbchaMor for which 
the patient was m some measure, responsible The laws of the penod 
made perhaps a better distinction is to res|ionsibiht\ than did the 
public and the pin sacian I he pin sician b\ and large, m dealing w ith 
the insane showed his impitience his disgust his dislike, he showed 
coiiijiletc laek of understanding and s\ mpatln ProbabK he did not 
pcrsonalK whip his patient or throw eold water on him, or chain him 
in a cellar bur he directed and saw these things done Die deep 
sMiipatln and compassion that the plnsieian had for the somiticalK 
ill did nor flow o\er to the mentally ill, like the rest of the pubhe he 
could find a cniel humor for their s\ mptoms 

Then, as \ou will recall in the forties of the list eenturx 1 Boston 
school teneher, Dorothea l^indc Dix led the crusade that resulted not 
only in our tax-supponed e.ire of the ehronie mentalb ill but m m 
entire change m public attitude 1 he coneejit of mcntil illness c.irn- 
ing with It nil the compassion formerh limited onl\ to plusieil illness 
became the new \icw of the public— and tif the plnsieian is pirt of 
that pubhe 

*l'oda^ , the plnsieim, brought up in the mores of the eirher 
decades of this eemur\ holds consciousl\ or unconseiousK mun of 
whnt might be called prc-Dixian ideas m regard to alcoholism \nd 
this Mcw' tends to be intensified b) these features First, the long 
preaching against the use of alcohol on the basis of morals, second, 
and quite opposite, the moder.ite and controlled person il use of al- 
cohol b\ the physician, and third, the cnicl attitude which sees in 
drunkenness on street, or stage, or radio, a subject of contempt or 
humor The consequence is that the physician is sometimes prone to 
see the alcoholic as a man who dcscn'cs punishment— hence is m the 
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pre-DL\ian days the drunk is usually a ward of the police court and 
his treatment a jail sentence and repeated sentences, he is prone to see 
the alcoholic as a man who cannot control a habit which m less de- 
gree he indulges in himself and therefore sees him m contempt for 
his weakness, he is prone to see the drunk as humorous or disgusting, 
and not as an ill man exposed to pubhc dension but desenung sym- 
pathy and medical aid for the correcnon of his alcoholism, and last, he 
IS a little prone, again shanng the pubhc view, to believe that alco- 
holism is hopeless and the alcoholic not worth rehabilitating It is such 
views, denved from the public of which the physician is a part, that 
have too frequently shaped the medical attitude toward alcoholism 

A fundamental social need today is in the development of the 
pubhc opimon that alcoholism is a disease and that the alcohohc is an 
ill man deservmg of the sympathy and care rightfully owing to an ill 
man When pubhc opmion— and m such matters pubhc opimon often 
determmes medical opimon— is so shaped, we will have made not 
only an humamtanan advancement but one of great practical import- 
ance toward the rehabilitation of the alcohohc and the prevention 
of alcoholism Organized movements are already started which have 
among their purposes this shaping of pubhc opinion, not m moral, but 
m medical and social channels, as parr of the attack on alcoholism 
Among these is our group and school at the Laboratory of Applied 
Physiology at Yale, with its affihated National Committee for Education 
m Alcoholism, the Research Council on Problems of Alcohol, and the 
Committee on Alcohol Hygiene stemming from Johns Hopkins Medi- 
cal School 

The problem of alcoholism is, even m its strictly medical imphca- 
00ns, a large problem Reliable statistics indicate that in the United 
States today there are some fifty-five million users of alcohohc beverages 
The ovenvhelming majority of these men and women drink in a 
moderation that in no way endangers them But some rwo million use 
these beverages to an extent that renders them liable to alcoholism It 
IS a small percentage perhaps, but it applies to a large number Another 
half miihon have already become alcoholics to such a degree that they 
have impaired their physical and mental health Any condiaon that 
threatens the health of n\^o million people, and has already seriously af- 
fected the health of a half million, is a pubhc health problem of im- 
portant magnitude and one desennng the respect of the physician 
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RECENT A D A N C E S IN THE 
TREATMENT OF MALARIA* 

Jamls A Shannon 
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a i, K Innns as incrcising numhciN of induiduals arc renirned 

S 3 from In pcrendcmic malarious areas ConsequentK a dis- 

eussion of certain of the recent adeanets m the treat- 
ment of the malarias should he profitable at this time 

These improvements in therapv are not the result of the a\ ailahihru 
of new antinnlarial agents, hut rather are m consequence of the collec- 
tion of information which permits 1 more rational md more effeetne 
use of those agents which ire alreadv a\ nhhle 

It IS of general interest to note that the espenmental appro leh that 
has led to these ad\ mees should he equalK profitihlc when applied to 
other problems of iheripv in mm In its essence it consists of tlic ob- 
jective appraisal of the specific effects of a chemotherapeutic agent in 
relation to its concentruion at a given site, in this cise phsmi a qumti- 
tativ c ev aluation of the physiological factors m the host w Inch arc of 
impomncc in the ilctermination of such 1 coneentntion md tlic use of 
these two types of inforimtion in the construction of ration il regimens 
of thcrap^ This is not a new appro ich to problems in the field of 
chemotherapy Rather, it is an extension to include the m darns, of the 
point of view which has facilitated the advances mvdc m the trevtment 
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of bactenal diseases wTth the sulfonamides and pemciJlin Actually the 
malarias in the human appro\imate the ideal for the apphcanon of this 
type of study 

A knowledge of the biology of the malarias will simplify the dis- 
cussion of anamalanal agents, their uses, and their hmitanons The 
underlying disease mechanisms have been clanfied by recent work with 
some of the evpenmental avian infections^ which appear to have some- 
what similar characteristics to the human malarias Malaria is acquired 
naturally when forms of the parasite known as sporozoites are intro- 
duced into the body mcidental to the bites of infected anophelene 
mosquitoes It seems hlcely that the sporozoites which are deposited 
locally are taken up by the tissue macrophages, whereas those which 
gam entrance into circulatmg blood, are taken up by other portions of 
the macrophage system of the body Upon entry into a macrophage 
the sporozoite rounds up and undergoes rapid growth This is followed 
by a senes of segmentations, sporulations and reinvasions, which at this 
stage of the disease is presumably restncted to the macrophage system 
This process covers a 6-7 day period, dunng which nme the blood is 
devoid of demonstrable parasites 

At the end of this period certain of the nssue forms undergo an- 
other type of segmentation which results in the producnon of new 
forms of the parasite These are capable of mvading, growing and mul- 
nplying m the erythrocyte Growth m the erythrocytes is accompamed 
by periodic segmentation, sporulation, and remvasion of new erythro- 
cytes m what IS commonly called the schizogonous or asemal cycle of 
the plasmodium The process continues with a progressive increase in 
the number of parasites m the blood until about 14 days after the day 
of the infecaon, m vivax and falciparum malaria, when a sufficient 
density of parasites is reached to precipitate the fever which is charac- 
teristic of clinical attack The durauon of the incubation penod m 
quartan malaria is of somewhat uncertam duration but is usually longer 
than that of vivax or falciparum malaria 

The subsequent course of the untreated disease is largely condi- 
aoned by the species of the plasmodium involved in the mfection, and 
by the presence or absence of natural and acquired immumty In the 
absence of immunity, and m the absence of chemotherapeutic interven- 
tion, falciparum malana is characterized by a short, fulminating, and 
not infrequently fatal course, with httle tendency’- towards true relapses 
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subsequent to the termination of the imtial penod of clinical activity 
Vi\a\ niihrn is characteri/cd l)\ a longer initnl course of clinical ac- 
mm \\hich, if untreated, frequenth lasts more than 6 weeks, and by 
one or more relapses which nn^ occur at intcrxals of a few weeks to 
se\cril months-'' Howexer, contrarx to falciparum malaria, xiva\ ma- 
laria, ex en if untreated, almost nc\ cr results in a fatal outcome in the 
adult Quartan malaria is chancteri/cd Iix a x erx long period of initial 
clinical actix itx and this is folloxxcd bx infrequent relapses xxhich ma\ 
occur manx xtars after the initial clinical atnek The duration and 
sevcritN of the clinical attacks in all three forms of mahria max be 
greul> lessened bx proper treatment or modified bx the presence of 
natural or acquired immunitx 

I he sexual forms of the pirasite xxhieh are called gameroex tes are 
derixed from the asexual ex clc nf the cr\ throex tic phase of the diseise" 
1 hese sexual forms are unimportant from the standpoint of the progress 
of the disease itself Hoxxexer, thex ire of epidemiologic il importance, 
since thex are responsible for the transmission of the disease from man 
to the anophclenc mosquito 

It XX ill further simphfx a consideration of the problems of therapx 
if the mechanism of the true relapse in malaria is discussed at this time 
(sec Figure 1 ) It seems likelx on the insis of our present infonnation, 
that relapses in xixax malaria result from the continued presence of 
underlying tissue forms of the plismodium xxhich persist xxcll beyond 
the time of the establishment of the erx throex tie forms of the para- 
site xvhicli is responsible for the initial chnie.ii attack Flic continued 
presence of these tissue forms permits subsequent sjaorukations each 
of xvhich may result in the re-iiix ision of the blood and, xxath the suc- 
cessful rc-esr.iblishment of the erx rhrocytic forms, constitutes a discrete 
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episode m the course of the disease Should the development of im- 
mumty due to previous chmcal acuvity be insufficient to curtail the 
mulnphcation of the new erythrocytic forms, then these may increase 
in number with the precipitation of rene^^fed clinical activity character- 
ized by both parasitemia and fever 

The normal course of falciparum malana does not mclude numerous 
relapses as is the case with vivax malana This is presumably due to a 
lack of persistmg tissue forms of the parasite very long beyond the 
time when the erythroc3'-tic forms are first established This is not to 
say that recurrent chmcal activity withm 3-4 weeks of treatment is 
unusual in falciparum malaria Such early renewals of climcal activity 
may be attributed to therapy which is insufficient to completely inter- 
rupt the asexual cycle of the parasite m the blood, rather than to the 
re-mvasion of the blood from persistmg forms of the parasite 

Little IS known of the biological charactensncs of quartan malaria 
in terms of the probable presence or absence of such tissue forms as a 
necessary factor in the producnon of true relapses 

It is apparent, from these considerations, that the malanas are char- 
acterized by a more complex disease mechamsm, insofar as the eaologi- 
cal agents are concerned, than is true for most bacterial diseases This 
fact acquires special significance when they are considered from the 
standpoint of the effectiveness of the various annmalanals available for 
use in treatment It must be expected m any one of the malanas that 
each form of the parasite has somewhat different metabolic characteris- 
tics than the others It may be concluded from this and the fact that 
the different forms may reside in different cell types of the host, that 
they will have varymg suscepubihties to chemotherapeutic agents In 
confirmation of the latter behef, expenence has shoivn that, (a) quinine, 
the other cinchona alkaloids, and quinacnne are highly effective against 
the erythrocync asexual and sexmal forms of vivax and quartan malaria 
and against the erythrocj'tic asexual forms of falciparum, (b) plasmo- 
quin IS highly effective in the usual therapeutic doses against the sexmal 
forms (or gametocytes) of falciparum and, (c) no drug is available 
that has been demonstrated to possess a significant action, at well tol- 
erated dosage, against the sporozoites or pnmary tissue forms of any 
of the three common human malarias or against the persisting tissue 
forms of P vivax which are presumed to be responsible for the relapses 
in infections due to the latter plasmodium 
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The cinchona alkaloids and quinacrmc, then, arc useful in the termi- 
nation of clinical attacks due to any one of the three important offend- 
ing plasmodia In addition, it is to be expected that these drugs in 
adequate doses will produce cures in falciparum malaria, hut not in 
vivax malaria Further, these agents are useful in prcxcnnng clinical 
attacks of malaria by suppressing the de\elopment of the erv'throcytic 
phase of each of the malarias c\cn though they exert no effect upon the 
sporozoite or upon the underlying tissue phases of the plasmodium 
The usefulness of plasmoquin. on the other hand would appear to be 
limited to the rendering of patients w ith falciparum malaria non-infcc- 
tious by virtue of its gamctocidal action The early promise of a second 
use, 1 e , as an anti-rclapsc factor in \ i\ ax malaria, has not yet been 
fulfilled •> 


QuiN'ACRlNr 

TTic general usefulness of quinacrmc in the control of malaria w is 
not fully appreciated until rcccntU Certainly not at the tunc of the 
loss of our supply of quinine subsequent to our cntr\ into the w .ir * 
How'cvcr, information has been dc\ eloped w Inch pcnnits a more ra- 
nonal use of this important antimalanal " It has been possible to translate 
this information into specific schedules of therapy for use in the treat- 
ment and suppression of malaria" The thenpcuric results with such a 
usage permit the conclusion that quinacrmc has ad\nntagcs n\cr quinine 
or the other cinchona alkaloids m both the routine suppression and 
treatment of malana 

A discussion of the rational use of quinacrmc requires the under- 
standing that Its antimalanal activirs’’ at my tunc is a simple reflection 
of Its concentration in the plasm 1 As noted abo\c, this is not a new' 
concept of therapy, but a simple extension of the experience gamed m 
the use of sulfonamidas in bacterial discisc to include the use of com- 
parable agents m the treatment of malaria How ever, it is not ncccssarx’^ 
to argue this point by analogy alone, since it has been established in a 
definitive fashion by experimental w'ork with the human malarias” A 
rational use of a drug m such a situation requires information on the 
factors which arc concerned with its physiological disposition so as to 
clanfy the relationship between drug administration and the plasma 
drug concentrations wdiich arc achieved and maintained on various 
regimens of therapy 
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THE ABSORPTION AND EXCRETION OF QUINACRINE IN MAN 

Ihese data may be taken as tj'pical of the results obtaining during and just after 
the administration of 100 mg of qmnacrine dihj drocblonde tlirce times a dm to a 
normal adult ‘ 
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Physiological Disposition Tlic plasma quinacrmc conccntnnon that 
obtains at any amc on any regimen of tlierap\ is determined by tlic 
dosage uulized, together AVitli the net result of tlic operation of the 
processes of absorption, distribution, degradation and excretion 

It IS apparent from data in Table 1 tliat qumaenne is almost com- 
pletely absorbed from the gastrointestinal tract and that the renal 
excretion of the drug accounts for xerx* little of the dnlv dose It may 
be concluded from these facts, and the fact tliat the plasma concentra- 
tion becomes stabilized after several days of continued administration 
at constant dosage (see Figure a), that the drug is niainlx'’ disposed of 
by the body by processes xvhich result m its degrad ition 

Data which define the distribution of quinacnne in the blood arc 
shown in Table II Tlac concentration of the drug m plasma, cr\ thro- 
cytes and leukocytes is m the order of i, to i, to 1 00-200 This excessive 
localization of quinacnne in the ieukoc^nes icquires special importance 
in studies which would assay the inherent antimalarial actix itx* of the 
drug, or would delineate the factors concerned mrli its jilix’^siological 
disposition Its concentration m whole blood at any rime during a period 
of therapy is dependent as much or more upon the leukocyte count as 
upon the underlying chcmothcrapcutically active concentration in the 
plasma It may be noted in passing that the major portion of quinacnne 
in the plasma is bound to tlic non-diffusiblc constituents in the plasma, 
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Table III 

DISTRIBUTION OF QUINACRINE IN IHE TISSUES OF A DOG 

The dog recei\ed a dmh dose of 20 mg per kilogram of quinucnnc dilndrochloridc 
dafl} for a period of 14 da\s prior to the e\perinicnt Tlie last dose i^as guen 14 hours 
before the animal was sacrificed (w-t 100 k) 



Qumacrme 


Concentration 


(vigm /kg) 

Plasma 

OOGl 

Muscle 

66 0 

Lung 

310 0 

fapleen 

671 0 

Liver 

130C0 


presumably the plasma albumin It would, perhaps, be more precise 
were studies of the physiological disposinon of qumacrine, together 
with studies on its chemotherapeutic activity, related to the concentra- 
aon of unbound drug in plasma water However, this appears to be an 
unnecessary refinement at the moment 

The distnbution of qumacrme in the body as a whole is descnbed 
m outlme form by the data m Table III These data, collected in ex- 
periments on the dog, indicate that the drug may achieve concentra- 
tions m the hver and spleen as high as 10,000-20,000 times those 
concurrently obsen'^ed in the plasma A smiilar situation obtains m the 
human, as evidenced by experiments which denve the same type of 
information through mdirect means Thus, a major portion of the ad- 
mimstered qmnacrine is localized m the tissues of the body, leaving 
little in the plasma to exert a chemotherapeuac effect It is m conse- 
quence of this that large mitial doses of the drug must be given if one 
is to expect a high initial plasma drug concentranon and an abrupt 
therapeutic effect Furthermore, the extensive localization, together 
unth the low rates of degradanon (established by other types of ex- 
penments) and renal excreuon, lead to a low rate of decline of the 
plasma qumacrme concentranon, and consequently a low rate of the 
loss of the protection conferred by qumacrme, subsequent to the termi- 
nation of drug administration 
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Avtnualarial activity TItc response of well standardized and rigidly 
controlled blood induced viva\ and falciparum malaria to vanous plasma 
levels of qumaenne has been ualized to assay the inherent antimalarial 
activity of the drug m terms of its ability to terminate or suppress the 
clinical attack Blood induced malaria is best suited for such a study 
since It has the advantage of making available the simple er)^throcvtic 
phase of the disease 

It has been found in such infections that the P i n a\ parasites^ arc 
completely and permanently eradicated u hen plasma quimcrmc le\ els 
of 30 micrograms per liter or more arc maintained for not less than 4 
days Plasma qumaenne levels between 10 and 30 micrograms per liter 
generally produce temporar}'- or partial effects and Ic\cls below 10 
micrograms per liter produce htric or no effect w hen maintained for a 
4 day period P falciparum parasites'* appear to be more resistant and 
require approximately 50 micrograms per liter maintained for a 6 day 
period for complete and permanent eradication of the infection 

Recent work has showm that the erv^throcytic phase of a mosquito 
induced vivax malana" has the same scnsitn ir\" to the chemotherapeutic 
activity of quinine as the blood induced infections detailed abo\ c The 
figures ]ust quoted, then, will have some significance when applied to 
naturally acquired malarias Recent work** also substantiates the prc\ loiis 
belief that there arc strain differences m susceptibility to the antimalarial 
activity of quinine and these differences may be expected to extend in 
certain instances to the antimalarial actnity of qumaenne and other 
agents However, the differences obscracd arc not sufficicntK creat 

that the regimens of therapy given below' wall nor, in general, terminate 
clinical activity 

The correlation bctw'ccn oral dosage and plasma qumaenne leiels 
is poor® so that it is difficult to state the antmnlanal activin' of the 
drug in terms of oral dosage How'et er, know mg the minimal plasma 
drug levels which arc required to produce a given therapeutic effect 
and the range of plasma drug concentrations w Inch arc to be expected 
on a given dosage regimen in a group of indn’iduals, it is possible to place 
the oral dosage sufficiently high for the maximal benefit to be dern cd 
from the drug for all but the exceptional mdi\ idual 


“iducct! and mnMuiilo nnWicci mmx iinHrn n 
uJiich arc purported to he oir'.lioot^ of tlie McCoj Mnm 
the mosmtito intlucLcl infection'! cross immiinits cxiitriin. n 

falnpn^n,"’"' 'doo.l ii.fic 


II'C of S|)ccific stniiii of r M\tx 
<- It IS ccrniii this IS till ense with 
ntc not Ts ,ct saiisficloril> demon 
Iiidnccd inficiions The ftlcunnim 
with the M-icCIciidon striiit of r 
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Dosage schedules * It is with an understanding of these aspects of 
the physiological disposition and antimaianal activity of quinacnne that 
It IS possible to estabhsh rational regimens of therapy for both the 
suppression of the malarias and for the treatment of the chnical attack 

The primary end to be sought m the treatment of the chnical attack 
is an abrupt termmation of the chnical manifestations of the infection 
The lower cun^e m Figure 2 represents the mean daily plasma quina- 
erme concentration of a group of individuals who received o 1 g of 
quinacnne three times daily, a dosage schedule commonly recommended 
pnor to 1943 Very low plasma drug concentrations are achieved ivith 
such a regimen durmg the first two or three days of therapy because 
of the extensive localization of the drug m tissues It is true that the 
plasma level increases progressively throughout the period of drug ad- 
ministration as more and more qmnacrine accumulates in the tissue 
However, because of the early low levels it is not to be expected that 
such a dosage will produce an early termination of chmeal activity 
although, if contmued for a period of days, plasma drug concentrations 
are aclueved which will termmate the chnical attack It is the delay 
in the imtial effect of qumaenne, with such a dosage schedule, that led 
to the recommendation that qmnacrine therapy be preceded by a 2 to 3 
day course of quinine “ 

The situation is quite different when doses of quinacnne totalling 
o 8-1 o g are administered dunng the imtial day of therapy This may 
be done by either the oral route or by a combmanon of intramuscular 
and oral admmistration (Figure 2) High plasma drug concentraaons are 
obtamed with either of these regimens dunng the mmal 24 hours and 
may be mamtamed with the serial admimstrauon of o i g three times 
daily thereafter It is to be expected from such plasma drug curves that 
a therapeutic effect will be apparent very early during the course of 
drug administration and in fact, such has been found to be the case 

These pnnciples may be translated into simple dosage schedules for 
the admmistration of qmnacrine It is advised, in the rounne treatment 
of malana, that o 2 g doses of quinacnne be given at the nme of the 
diagnosis of malana, and at 4 hour mtervals until a total of i o g has 
been given Thereafter, it should be contmued at a dosage level of o i g 
three nmes daily for a total period of 7 days 


• The dosage scIioUiIes listed arc calculated for adults 
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More acutely ill patients, i e , those with fulminating falciparum 
malaria, or those with nausea and vomiting, may be treated effectivcl} 
through the use of intramuscular injections of quinacrine (Figure 2) 
It IS not considered safe in cither of these cases, to depend upon an 
evclusively oral route for the administration of drug A^er)^ higii and 
effectne plasma drug concentrations arc achieicd vithm 15 minutes 
after the intramuscular injection of o 4 g of qmnacrinc dihydrochlor- 
ide ® This IS commonly given in tv o o 2 g intnmuscular injections, one 
into each buttock Subsequent therapy ma\ then be by the oral route 
if possible, or by the intramuscular route until oral thcrap> can be 
subsututed When oral therapy is utih/cd, subsequent to an intramus- 
cular injection, it is advised that o 2 g doses of quinacrine be admin- 
istered at 4 hour intcrx’als until a total of 1 o g has been gi\ cn by a 
combination of the two routes "1 hereafter, o 1 g is administered ^ 
times daily for a total period of 7 da^ s Should it be ncccssars’^ to con- 
tinue therapy by the intramuscular route, o 2 g may be administered 
at 8 hour intervals until a total of 1 o g has been administered then at 
12 hour inccn'^als until it is possible to begin oral therapy with o 1 g 
three times daily 

It is to be emphasized that the indications for the intramuscular use 
of quinacrine arc nvo, 1 c, fulminating falciparum malaria, and clmicil 
attacks of malaria in which the symptoms of nausea and lomitmg arc 
prominent An additional word may be said in relation to the former 
of these two indications iMost clinicians in the past bate used intn- 
muscular or intravenous quinine in starting the treatment of fulminating 
falciparum malaria because it is know n that this produces a rapid thera- 
peutic effect Intramuscular quinacrine has not been used to anv great 
extent for such a purpose since it has not been appreciated that it max 
achieve an equally rapid effect As noted above, very high and efifcctn c 
plasma quinacrine levels arc found within 1 5 minutes of its intramuscu- 
lar injection The toxic hazard of intravenous injections of quinine is 
sufficiently great that it must be given slow ly so that no advantage, w ith 
respect to time, is gamed xvith the intnvcnous use of quinine as com- 
pared to the intramuscular use of quinacrine The latter procedure has 
the additional advantage of simplicity 

Any one of the recommended regimens wnll produce plasma quma- 
enne levels in excess of those required to eradicate the trophozoites and 
effect an abrupt termination of clinical activity m any of the malarias 
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m all but the exceptional indnndual It is unusual for a patient to e\- 
penence more than one subsequent paroxysm followmg the mitiauon 
of quinacrine therapy, providing adequate doses of the drug are admin- 
istered “ A cure of the disease is to be expected m the majority of 
panents with falciparum malaria, but not in the patients with vivax 
malana Most of the latter will expenence a recurrence of clmical 
activity within one to 12 months The number of such relapses which 
are experienced before the infection is cured is dependent upon many 
factors which wih not be discussed at tins tune 

The use of qumacnne for the suppression of the malarias will nor 
be discussed in detail smce tius is not a common problem for civihan 
pracationers of medicme m temperate climates However, it should be 
appreciated that clmical malana may be suppressed m all but a small 
proportion of mdividuals durmg months of exposure to malaria by the 
weekly administration of o 6 to o 7 g of qiunacrme This dosage, in 
most mdividuals, will result m plasma qumacnne levels knoivn to have 
significant action on the erythrocyac phase of the malanas Unpleasant 
gastromtestmai reactions were encountered when qumacnne was ad- 
ministered m the earher recommended doses of o 2 g twTce weekly 
However, these reactions are mmimized and a therapeutic advantage 
gained when a larger total weekly dosage is administered in small daily 
doses of o 1 g given after meals Suppressive therapy of this type is 
commonly continued for a three-week penod after the last exposure to 
malana This may be expected to accomphsh cures of the suppressed 
falciparum malaria, but not of the suppressed vivax malaria Clinical 
activity due to the latter will appear m most infected individuals withm 
a few weeks to some moths later The time elapsing apparently depends 
upon many factors not well defined, among which are included the 
strain of the offending organism, and perhaps the number of strains 
involved m the infecnon, together with the density of the underlying 
tissue phase of the infection 

The delayed primary attacks which occur when clinical activity is 
suppressed at the time of the expected mitial attack, as well as the 
clmical relapses, may be treated m much the same fashion as has been 
descnbed above for the primary^ attacks In general, the relapses or 
recrudescences of chmcal activity respond more quickly to treatment 
than the primary attack, due to presence of some acquired immunity 

Some consideration must be given to the mdmduals who, subsequent 
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to an extensive exposure, develop vivax malaria winch is charactenzed 
by innumerable relapses occurring at short inten'^als These patients do 
well when maintained on suppressive therapy for a period of several 
months, perhaps six, following the treatment of any given acute attack 
Actually, there is little information on the ultimate effect of this type 
of continuation therapy Its rationale depends upon the assumption that 
the tissue phases of the plasmodium must progress through their normal 
life expectancy and that this will take place v-hcther the cr}ahrocytic 
phase of the disease and its accompanying clinical symptoms arc, or arc 
not, suppressed The suppression of the erythrocytic phase of the disease 
permits an individual to pursue a normal life during the infection and 
should not, per se, prolong the course of the disease 

Qu/MVL AM) THE CiVCHONA AlKAIOIDS 

It IS not necessary to spend much time m a discussion of the use of 
qumine, the cinchona alkaloids or totaquinc, in the treatment of malaria, 
since It is unliltely that any of these preparations will be used extensively 
by physicians in this community It is important to appreciate that an) 
one of these may be utilized for the same purposes as ha%c been dc- 
senbed above for quinacrme Recent work has confirmed the belief 
that the cinchona alkaloids other than quinine, i c , cinchonine, cinchon- 
idine and qmnidine, have an antimalarial activity winch is roughly the 
equivalent of quinine " It is to be expected that the combination of these 
alkaloids in the form of a standard product such as Totaquinc, USP, 
wnll also have roughly the same antimalarial activity as quinine The 
dosage of totaquinc as compared to quinine should be based on the 
alkaloid content of the preparation used 

The use of the cinchona alkaloids in the suppression and treatment 
of malaria differs from the use advised in the case of quinacrme, largely 
because the cinchona alkaloids arc not localized as extensively in the 
tissues However, the less extensive localization, together with more 
rapid rates of excretion and degradation, results in a rapid fall in plasma 
levels of the cmchona alkaloids \vhcn oral dosage is stopped Conse- 
quently, relaavely lower initial doses, as compared to the maintenance 
doses, are required to produce the desired result 

Quinine, of course, is a highly effective antimalarial agent How'cvcr, 
Its antimalanal activity is less than that of quinacrme wiicn the latter is 
properly used « It was noted above that the effective 4 day plasma 
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concentration of qmnacnne for vivax malana due to a well standardized 
strain of P vivax is 30 micrograms per liter The effective quinine level, 
determined in the same way and on the same stram, is found to be 
5 mgm per liter Inherently, 1 e , based on the plasma concentrations 
requured to produce a given therapeutic effect, qmnacnne is almost nvo 
hundred tunes more active than quinme The pharmacology of the two 
drugs, hotvever, is such that, relative to the oral dose, lower plasma 
levels are achieved with qumacrme than noth quimne But still, the 
required oral mamtenance dosage of qumacrme is considerably less than 
that of quinme In addition, qumacrme plasma levels that are many 
times m excess of those required for an adequate therapeutic effect may 
be achieved without particularly toxic hazard, while the margm of 
safety with quinme is somcAvhat less 

The maximal benefit to be derived from quinme, m the treatment of 
the chmcal attack, should be obtained by the admmistration of 3 grams 
of one or another of the available salts of quinme durmg the mitial day 
of therapy, followed by 2 g daily m divided doses Therapy may be 
hmited to a 7 day penod m vivax malana, and perhaps to a 10 day 
period m quartan and falciparum malana Patients mth fulmmatmg 
falciparum malana, or those m whom nausea and vomitmg are promi- 
nent symptoms, can receive qmnme mtravenously durmg the initial 
stage of therapy This is commonly admmistered by slow mtravenous 
infusions, single doses not to exceed o 5 g , total dosage to be admm- 
istered each day bemg the same as that advised for oral therapy Agam, 
oral should supplant parenteral therapy at the earhest possible ame 
The mtramuscular use of qumme is contramdicated because of the not 
uncommon occurrence of necrosis at the site of the mjection 

For suppressive purposes, it is necessary to admmister as much as 
1 g of a quinme salt daily to approach a therapeutic result which is 
comparable to that which obtams when o i g of qumacrme is admm- 
istered daily Unpleasant side reactions are to be expected m a fair 
propomon of mdividuals earned on such a dosage regimen for any 
length of time In addition it is less certain that suppressive quimne, 
used m accordance -with these directions, will effect cures of the sup- 
pressed falciparum malana Consequently there vmuld appear to be little 
question that qumacrme is the drug of choice, among those now avail- 
able, when a suppressive therapeutic effect is desired 
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Plasmoquin 

PJasmoqmn is advised in only one instance, i e , to render a panent 
with falciparum malana non-infectious to mosquitoes It is commonly 
advised that plasmoqmn be administered at a dosage of lo mg three 
times daily for a total period of 5 days ’ However, such a regimen 
may be expected to produce toxic symptoms in a proportion of mdi- 
\aduals and the consequence of such reactions may be serious These 
may mclude the development of methemoglobinemia and moderate 
to severe disturbances of the gastrointestinal tract However, the most 
serious toxic hazards are those which follow the occurrence of intra- 
vascular hemolysis These reactions usually do not appear until the 
4th or 5th day and therapy may be limited to three days without sac- 
nficmg the therapeutic benefit which is to be derived from plasmoquin 
admmistration 
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-^T HAS long been an accepted aphorism that an enlarged 
heart is a diseased heart It might be well to preface our 
discussion with a few bnef remarks as to why enlarge- 
ment of the heart is unfavorable to the body economy 
5S The physiologically dilated or hypertrophied heart may 
function with mechanical efficiency but it is important to recognize that 
the true measure of cardiac, or more properly circulatory, efficiency is 
the energy expenditure of the heart in maintaining its circulatory out- 
put, and not merely the rano of the oxygen consumption to the kilo- 
gram-meters of actual M^ork performed '■ This distinction, 1 e , the con- 
cept of efficiency of the circulation versus the mechanical efficiency of 
the heart muscle, is important for it helps to explain why cardiac en- 
largement betokens impaired resen^'e Work expended against increased 
arterial resistance or to compensate for valvular defects is w'^asted in 
so far as the function of the heart to maintain its cardiac output is 
concerned Since oxygen consumption is proportional to fiber length, 
or diastolic volume, the cardiac output is maintained by the dilated or 
hypertrophied heart with greater energy expenditure, hence efficiency 
is decreased Hypertrophy and dilatation as a rule are closely associ- 
ated so that when the heart is enlarged, some degree of dilatation of the 
cardiac chambers is usually present 

Beyond indicating the presence of disease the recognition of car- 
diac enlargement provides valuable mfomiation as to the type and the 
extent of the lesion, for characteristic changes frequently occur in vari- 
ous types of heart disease Accurate esdmaaon of the size of the heart, 
therefore, is most important 

Methods for studying the size of the heart include physical examin- 
ation and techniques employing the Roentgen ray and the electrocardio- 
graph 

* Presented at the Annual Meeting of the New ork Heart A'^-'Ociation at The Xcu 'S ork Acadeni) 
of Medicine Januarj 2C 1945 
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It js with no intent to depreciate the importance of physical e\am- 
ination that we point out that there are senous limitations to inspection, 
palpauon and percussion, particularly when the chest wall is muscular 
or obese, or in the presence of pendulous breasts or emphysema En- 
largement of the cardiac chambers other than the left ventricle cannot 
be detected on physical examination except in advanced stages 

It has long been recognized that characteristic electrocardiographic 
patterns occur with enlargement of the various chambers, but this 
aspect of electrocardiography has received relatively little attention 
Recently we conducted a study to establish specific electrocardiographic 
cntena of left ventricular hypertrophy- and we found, employing these 
criteria, that the electrocardiogram provides the most sensitive method 
for detecting h)'p>ertrophy of the left ventricle, frequently exhibiting 
definite abnormal patterns where the roentgenologic findings are nor- 
mal Left ventricular hypertrophy may be considered to be present 
when left axis deviation occurs in associaoon with any of the followmg 
changes 

1 Increase in amplitude of the Q R S complex, best expressed by 
the sum of Ri and S3 Hypertrophy is present if this sum exceeds 2 5 
millivolts and is probably present if it is over 2 2 millivolts The increase 
in voltage is the earliest electrocardiographic change in hypertrophy 

2 Any perceptible depression of the S-T segment in lead i, even 
of as slight degree as o 5 mm (o 05 millivolts) 

3 Lowenng of Ti below i mm or further degrees of abnonnality 
of Ti 

The changes in the S-T segment and the T wave may de\ elop in 
the absence of left axis deviation, and left axis deviation is not an in\ ari- 
able or necessarily mtegral part of the electrocardiographic pattern of 
left ventricular hypertrophy We found that the usual occurrence of 
left axis deviation in hypertension is due largely to a transi'^erse position 
of the heart, which in itself causes left axis deviation In slender subjects 
with left ventncular hypertrophy left axis deviation is not so often 
observed 

In advanced stages of hypertensive heart disease the characteristic 
electrocardiographic pattern approaching left bundle branch block is 
often observed It must be emphasized that this is a late phenomenon 
and that employment of criteria such as we have proposed makes it 
possible to recognize left ventncular hjqiertrophy m its incipient stages 
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The electrocardiographic patterns of left r^entricular h)'-pertrophy 
are of considerable prognostic importance Thus, in a recent mortalin" 
study in hypertension® we found that there was a distinct increase in 
mortality with progression m the electrocardiogram toward an abnor- 
mal pattern The life expectancy among those rvith the pattern of left 
I entricular hypertrophy ivas about half that of subjects with identical 
blood pressure readings in whom the electrocardiograms were normal 

A characteristic electrocardiographic pattern occurs with hypertro- 
phy of the nght as well as of the left ventricle The changes consist 
of right axis deviation, accompamed by depression of the S-T segment 
in lead 3 and frequently lead 2, and inversion of the T wave in lead 3 
and eventually in lead 2 as well The voltage of the Q R S complex 
is not regularly mcreased as it is with left ventricular hypertrophy 
AVhen the pattern is fully developed it is quite characteristic of right 
ventncular hypertrophy, but frequently in the less advanced stages it 
may be difficult to be certain chat right ventricular strain is present 
because similar changes may occur in normal subjects of slender build, 
or as a result of positional changes of the heart 

Auricular enlargement, also, may be revealed in the electrocardio- 
gram The left auricle is the one which is usually enlarged, most often 
because of mitral stenosis Changes occur in the P wave as a result of 
impaired conduction through the dilated and hypertrophied auricle 
The P wave becomes notched, its duranon exceeds o 10 seconds, and 
It increases in amplitude to more than 025 millivolts Ultimately, auricu- 
lar fibrillation ensues as a result of longstanding auricular enlargement 
Auricular premature beats and auncular flutter occasionally presage the 
change to auricular fibrillation 

Although hypertrophy of the left ventricle may often be detected 
earlier in the electrocardiogram, roentgenologic methods are superior 
in revealing auncular and right ventricular enlargement When gener- 
alized cardiac enlargement is present the electrocardiographic changes 
are less specific, and the opposite effects of right and left ventricular en- 
largement may balance each other so that there is no deviation of the 
electrical axis, although other abnormalines, such as increased voltage 
and changes m the S-T segment and T waves tend to persist The elec- 
trocardiogram may be relaavely normal when enlargement is caused by 
dilataaon of the cardiac chambers rather than by hypertrophy Roent- 
genograms, therefore, are supenor when generalized enlargement exists 
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Roentgenologic methods for the recognition of cardiac enlargement 
include fluoroscopy, orthodiagraphy and teleoroentgenography 

Fluoroscopy, technically the simplest of roentgenologic procedures, 
as well as the most generally available, provides the greatest information 
and should be earned out routinely as a preliminary to further roent- 
genologic study In any study of the size of the heart an attempt should 
be made to desenbe enlargement m terms of the mdividual chambers, 
for characteristic changes occur m various types of heart disease For 
this purpose fluoroscopy is of particular advantage because the contours 
of the separate chambers may be inspected m their entirety by rotating 
the subject mto oblique positions, and then- hmits ascertained by obser- 
vation of the pulsations Adequate visualization of all the chambers is 
afforded by making roentgenograms in the posteroanterior, left anterior 
obhque (50° to 55°), and right anterior oblique (50° or over), or nght 
lateral, position Examination in the latter view is aided by outlining 
(not filhng’ ) the esophagus with a thick barium nuxture, for the esopha- 
gus IS in close relation to the posterior surface of the heart, particularly 
the left atrium The relation of the chambers of the heart to adjacent 
mediastinal structures, such as the esophagus, bronchi, and chest par- 
letes, which can be ascertained by study in the obhque posmons, is of 
great value in establishing whether or not enlargement is present Thus, 
early enlargement of the left atrium is indicated by indentation and 
retrodisplacement of the esophagus, and also by upward extension of 
the left atnal contour toward the left main bronchus, obliterating the 
infrabronchial space ■* Eventually, the left bronchus becomes elevated 
and even compressed, but this is a later sign The right ventncle forms 
the anterior surface of the heart, and, when it is enlarged, extends for- 
ward toward the anterior chest tvall, narrowing the precardiac space, 
this IS best revealed by study in obhque positions Enlargement of the 
right ventricle is indicated indirectly in the frontal view by prominence 
of the upper left and of the right heart borders 

Fluoroscopy is not well suited for absolute measurement of the heart 
size since there is considerable magnification of the heart image due to 
divergence of the x-ray beam resulting from the short tube-film distance 
usually employed in fluoroscopic examinauon The degree of magni- 
fication depends, not only on the tube-film distance, but on the object- 
film distance, as well Magnification is, accordingly, greater in subjects 
with deep chests, in whom the heart contours are further removed from 
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the film, than m slender subjects and children 

Magruficanon can be obinated on fluoroscopy or in roentgenograms 
by a simple procedure ° A lead scale placed vertically parallel to the 
cassette alongside the subject m the plane of the anterior axillar}'^ line 
IS magnified exactly in the same proportion as is the heart silhouette The 
scale is recorded with the heart m the same exposure of the fluoroscopic 
screen or roentgenogram and sen'^es as a reference scale for measure- 
ment of the heart size This procedure is equally suitable for 35 mm or 
4" \ 5" photographs of the fluoroscopic image, a techmque which is 
being mcreasmgly employed, particularly m sun^eys in the armed forces 
and industry 

Projection distortion of the heart m fluoroscopy also may be obvi- 
ated by the orthodiagraphic technique Only the central ray of the 
fluoroscopic beam, whose position is indicated by a small lead marker, 
is used to trace the outline of the cardiac contour The screen and pati- 
ent being fixed, the central ray is moved along the cardiac contour by 
moving the tube with the left hand, while the right hand follows the 
lead marker along the heart border recording numerous pomts at about 
one centimeter intervals Orthodiagraphy requires traming and exact 
applicaaon and does not appear to possess any advantage over the sim- 
pler lead scale method we have descnbed which may be applied con- 
veniently during fluoroscopy to obtain exact measurements of the car- 
diac shadow 

Roentgenography possesses the advantage over fluoroscopic tech- 
niques of providing an objective and permanent record, not only of the 
heart, but of the pulmonar}’- fields as well, Avhich are of mterest and 
importance in the diagnosis of heart disease At tvm meter (6 5 feet) 
tube-film distance (teleoroentgenography) the magnification of the 
cardiac image due to divergence of the x-ray beam is reduced to the 
order of 5 per cent, this does not increase appreciably until the tube- 
film distance becomes less than 150 cm (5 feet) 

Apart from the projection distortion there are numerous other pit- 
falls in mterpretaoon of roentgenograms of the heart The size, shape 
and posmon of the heart are influenced by certain physiological vari- 
ables and techmcal consideraaons, xvhich should be appreciated before 
deciding vfiether the heart is pathologically enlarged It is important 
that the subject be centered properly, xvhich can be recognized in the 
roentgenogram by an equidistance of the inner borders of the clavicle 
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from the midpoint of the vertebral spme The tube should be at the 
level of the third anterior intercostal space Even shght degrees of rota- 
tion may significantly alter the size of the cardiovascular shadow, par- 
ticularly the aortic arch silhouette The exposure should be made in 
the erect or sittmg position, and with respiration suspended in ordmary 
inspiration smce extremes of respiration or straining may cause marked 
variations in the size of the heart The size of the cardiac shadow vanes 
considerably depending on the phase of the cardiac cycle in which the 
exposure is made When the pulsations are vigorous the transverse dia- 
meter of the heart may vary by as much as i 5 to 2 centimeters from 
systole to diastole Since diastole is longer than systole at ordinary heart 
rates, roentgenograms are more often exposed in diastole It is not true 
as IS widely supposed that a full second exposure lasnng through a 
complete cardiac cycle will record the diastolic or largest heart shadow ° 
It has been shown, in fact, that the border of the heart in long expos- 
ures lasnng through the complete cardiac cycle more closely approxi- 
mates the systolic, or smallest, heart size Prolonged exposures thus sen’^e 
no advantage and not only give an indistinct cardiac outline but blurred 
hilar structures as well due to transmitted motion from the cardiac pul- 
sanons Several devices employing pulse waves, heart sounds, and the 
electrocardiogram have been contnved to permit exposure at selected 
phases in the cardiac cycle The technique of roentgenkymography 
makes it possible to register one or several complete cardiac cycles on a 
smgle film and provides a record of the cardiac outline both m svstole 
and diastole 

Several anatomical peculianoes may cause confusion in interpreting 
the cardiac shadow The most important is an extra-pericardial fat pad 
which merges M-ith the lower left heart border and which may obscure 
the apex The margm of the fat pad must not be mistaken for the left 
heart border which may be discerned within the fat pad, particularly 
if the roentgenogram is made with shghtly over-penetrated technique 
Skeletal abnormahties of the thorax, such as funnel chest and kypho- 
scoliosis, by displacing and distortmg the heart occasionally may render 
difficult the accurate determination of the size of the heart The dextro- 
scohotic spme may simulate the nght heart border or ascendmg arch 
of the aorta, and a diagnosis of cardiac enlargement or dilatation of 
the aorta may thereby be made erroneously The size, shape and par- 
ticularly position of the heart may be altered m pulmonary diseases 
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such as fibroid phthisis, atelectasis, pneumothorax, etc , and by diaphrag- 
matic herma or elevation of the diaphragm as m pregnancy and ascites 

Several measurements such as those of V aquez® and Fray® have been 
proposed which purport to seni-e as criteria for enlargement of the indi- 
vidual heart chambers The value of such measurements is, at best, 
limited Attempts to measure the cardiac chambers separately are neces- 
sarily mexact smce only one border is visualized, the shadow of the 
various chambers mergmg to form the cardiac silhouette The relation 
of the heart to adjacent structures, such as the esophagus, bronchi and 
thoracic panetes, determined by fluoroscopy and teleoroentgenogram 
study m posteroantenor and obhque positions as already indicated, is 
of greater value than mensuration m detecting enlargement of the indi- 
vidual chambers 

Measurements are of greater value as an mdex of generalized enlarge- 
ment of the heart than m determining the size of the mdividual cham- 
bers There is a definite field of usefulness for measurement standards 
m evaluatmg enlargement of the heart as a whole smce very often en- 
largement does not mvolve mdividual chambers distmctly and one can 
state only that the heart is enlarged Mensuration is unnecessary when 
gross enlargement exists, but lesser degrees of enlargement often escape 
detection on mspection Conversely, an apparently large cardiac shadow 
may assume less significance when it is considered m relation to stand- 
ards of body build If proper account is taken of the physiological van- 
ables which influence the size of the heart, mensuration is a valuable aid 
m determinmg whether the heart is enlarged Measurement is helpful 
also m companson of changes m heart size m senal examinations m the 
same subject Another field where measurement has found wide appli- 
cation IS m physiological and pharmacological mvestigations of the 
heart 

Several physiological factors may influence the size of the heart and 
these must be recognized and considered m evaluatmg measurements 
Body build has a most important determimng mfluence on the size of 
the heart The correlation of heart size ivith vanous factors, such as 
weight, height, surface area, muscular development, thoracic circumfer- 
ence and other thoracic measurements, etc, has been probed exten- 
sively The dependence on weight is somewhat greater than on height 
but the correlation is improved if both weight and height are consid- 
ered A index has been evolved which appears to serve as a 

height 
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satisfactory coefficient for predicnon of normal standards The influ- 
ence of sex, and of age in adults, on the size of the heart is relatively 
small compared -with the factors of weight and height, and for practical 
purposes may be disregarded m prediction standards 

Of the many measurements that have been advocated the best 
known are the transverse, longitudmal and broad diameters These few 
simple measurements suffice to determme whether the heart is enlarged 
The transverse diameter, and the area of the frontal cardiac silhouette, 
which may be determined from the long and broad diameters, as we 
■wall presently show, are the most thoroughly tned and standardized and 
among the best of all measurements In addition, the heart volume, 
which is of great physiological interest, can be accurately calculated 
from these diameters 

The simplest, most widely employed, and one of the most useful 
measurements is the transverse diameter, which is the sum of the greatest 
extension of the right border to the right, and of the left border to the 
left, of the midlme The cardiothoracic ratio, which is predicated on the 
assumpaon that the transi'-erse diameter should be less than half the 
transverse diameter of the chest at the level of the diaphragm, has been 
widely popularized, but is crude and inexact The Avidth of the thorax 
IS only a rough mdex of body stature, and is altered m any given case 
by respiration, and also m pathologic conditions, such as emphysema 
Ordmanly the transverse diameter of the heart is considerably less than 
half the transverse diameter of the chest, so that appreciable enlarge- 
ment may escape detection if this ratio is employed as an mdex of the 
size of the heart Adore accurate standards, based on weight and height 
have been estabhshed both for the orthodiagram by Hodges and 
EysteT^ and for the teleoroentgenogram by Ungerleider and Clark 
Teleoroentgenographic standards are shghtly greater than those for the 
orthodiagram, so that it is not proper to use the orthodiagram values m 
readmg teleoroentgenograms Because of the mcreasing employment of 
the teleoroentgenogram, a new prediction table, based on a study of 
1,460 teleoroentgenograms of normal subjects, was prepared, and this 
should be employed, rather than the older orthodiagram standards, when 
readmg teleoroentgenograms 

The actual transverse diameter should not be mterpreted too stnctly 
m relation to the predicted value, for there are appreciable physiologic 
variations m the size of the cardiac shadow m addinon to changes due 
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to the phase of the heart cycle and respiration Diameters which arc 
more than lo per cent above the predicted value should be regarded as 
abnormal, and the heart may be considered as almost certainly enlarged 
if the transverse diameter is over 15 per cent in excess of the predicted 
diameter, since less than three per cent of normals exceed this limit An 
increase m the transverse diameter is most often caused by enlargement 
of the left ventricle, but enlargement of any of the cardiac chambers, 
even of the left auncle, when it forms the right border of the heart, can 
widen the transt'^erse diameter 

The utility of the transverse diameter employing our tables has been 
confirmed m several studies The conclusion of Comeau and lute 
in their article entitled A Cntical Analysis of Standard iVIethods ol 
Estimating Heart Size from Roentgen Measurements,'^ may be quoted 
“i A companson of trans\^erse heart diameters, frontal cardiac 
area, and heart volumes in 200 normal hearts leads us to conclude 
that the transverse diameter of the heart compares favorably with 
the other actual heart measurements and is the most satisfactory^ 
from the clinical standpoint 

2 We believe that the cardiothoracic ratio is not sufficiently 
reliable to w^arrant the wide usage which it now envoys and that 
It should be discarded in view of the fact that it has been super- 
seded by a more accurate and an equally simple correlative method 

3 We have found that the prediction tables offer the best ap- 
proach to the problem of determining whether cardiac enlargement 
exists in an individual case Our results indicate that the use of 
the transx^erse heart diameter and its deviations from the predicted 
normal is as yet the most reliable and the most applicable clinicall\ 
of the existent methods ” 

Recently an important study was earned out by Sherman and 
Ducey'^ m wTich a direct comparison was made between the w'eights of 
the heart at autopsy in 200 adult males, and three types of measure- 
ment, the Ungerleider and Clark trans\'^erse diameter prediction table 
rlie Newuomer heart-lung rectangle method and the cardiothoracic 
ratio Their findings w^ere reported as follows 

“The values obtained by the Ungerleider method more closely 
approximate the enlargement by \veight than do those by the other 
two methods, particularly in borderline cases The Ungerleider 
method is the only one of the three by which enlargement of 
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per cent or less can be detected There is constant correlation be- 
t\\ een the percentage deviation of the transs'^erse diameter, as ob- 
tained by the Ungerleider method, and the percentage deviaaon in 
heart weight ” 

Two other diameters, the long and broad diameters, are well known, 
although these are somewhat less valuable individually than the trans- 
verse diameter The long diameter extends from the junction of the 
cardiac and vascular silhouette on the upper part of the right border 
of the heart obhquely downward to the apex on the left This diameter, 
which IS approximately ten per cent greater than the transt'^erse diame- 
ter, IS increased chiefly as a result of left ventricular enlargement The 
broad diameter is the greatest diameter perpendicular to the long diame- 
ter The broad diameter is often drawn as the sum of the two perpen- 
diculars from the long diameter to the lower right and upper left heart 
borders, but properly it is the greatest smgle diameter from upper left 
to lower right heart border perpendicular to the long diameter If the 
heart is placed transversely, it may be necessary to extend the lower part 
of the right border slightly below the diaphragm in its natural curvm 
in order to delmeate the hmit of the broad diameter The broad diame- 
ter averages about 15 per cent less than the transverse diameter 

The long and broad diameters are of interest, not so much by them- 
selves, but for their product, 1 e , the frontal cardiac area, which is an 
expression of the two-dunensional size of the cardiac shadow 

The area of the frontal cardiac silhouette in relation to standards 
based on weight and height has been xvidely recommended as an excel- 
lent criterion of the size of the heart In order to ascertam the area of 
the frontal silhouette, the upper and lower limits of the heart shadow 
must be completed by arbitrary and imagmary lines, and this requires 
considerable experience to attain duplicable results The area is meas- 
ured by means of a plammeter, or by counting squares withm the area 
on cross-section paper In orthodiagraphic exammatiou, observation of 
the pulsations helps in outhnmg the upper and lower hmits of the heart 
contour In the teleoroentgenogram, however, the error m completmg 
the upper and lower borders is much greater, and, for this reason, satis- 
factory frontal area measurements have not hitherto been obtamed from 
the teleoroentgenogram, although this method yields excellent results m 
orthodiagraphy in the hands of those who are well trained m the tech- 
nique Inasmuch as the cardiac shadow is ellipsoid m shape, its area may 
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Nomo^ams for Area and Transverse Diameter of frontal heart silhouette 

6. PREDICTED AREA FROM WEIGHT AND HEIGHT'. AND ACTUAL AREA FROM LONG AA/D BROAD DIAMETERS 
L^Bj FOR. ORTHOD/AGRAM AUD T£L£OROENTGeNOOR*.M 
5 transverse DIAMETaH OF HEARTS AND AORTIC StLHOUETrE^ PREDICTED ~FROM WEieHT ANB HEmNT 

EOK TELEOROEfVTGE/VOOK.AM 



THE VALUES FOR ACTUAL (OR PREDICTED) AREA ARE READ AT THE PODfl AT ffllCH A STRAIGHT LIKE E/TEJIDn G 
FRCH THE LCCIG AND BROAD DIAMETERS (CH WEIGHT AHD HEIGHT) H.TERSECTS THE CARDIAC AREA SCALE CRTHC- 
DUGRAM VALUES ARE a I THE LEFT. TELECHOSHTGE) OGRAM VALUES O’) THE RISTT IH THE LOWER lOMOGRAM THE 
PREDICTED TRANSVERSE DIAMETER 0^ THE HEART (LEFT SIDE OF SCALE) OR AORTIC ARCH (RIGHT SIDE OF SC^ 
IS OBTAINED AS AH EXTEICIOJCTA STRAIGHT LINE CJHnJECTriG HEIGHT KITD HEIGHT A OOR.RECTIO'I FOR AGE, 
AS I))DICATED, IS NECESSARY FOR THE AORTIC DIAMETER 


I in rr 1 
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be calculated from the product of its axial long and broad diameters 
(area of elhpse =^long \ broad diameters ) Calculation of the cardiac 
4 

area by means of the formula, ^ long \ broad diameters, yields values 

4 

which correspond very closely to the actual area, as measured by plam- 
metry (within three per cent) This product may, therefore, be used 
to estimate the cardiac area in lieu of planimetry This is of particular 
advantage in the teleoroentgenogram because the long and broad diame- 
ters can be measured accurately, whereas the planimemc estimaaon of 
the cardiac area is less accurate The product Yi long x transverse dia- 
meters, approxmiates the cardiac area, but is less satisfactory than the 
product of long and broad diameters, for the mean deviation from actual 
areas, as ascertained by plamnietry m 1 34 orthodiagrams, was found to 
be seven per cent, whereas with the long and broad diameter product 
the mean deviation m the same group of 134 cases was less than three 
per cent The actual cardiac area should not exceed ten per cent over 
the predicted value, and, if it does, the heart may be considered en- 
larged Recently we prepared a nomogram for prediction of the cardiac 
area from weight and height, and actual area as calculated from the 
long and broad diameters (Figure i) The nomogram permits the fron- 
tal area to be read directly without calculation from the long and 
broad diameter measurements Predicted values for the frontal area 
based on weight and height are mdicated in the same nomogram chart 
on another scale 

The vahdity and usefulness of the nomogram for frontal area has 
been confirmed by Kurtz'^ on the basis of 155 cases tested Kurtz re- 
ported, “This relatively close approximation to the planimemc area 
indicates that the method has a practical application of distinct value in 
the great majonty of cases ” He states further, “Most cardiologists will 
admit that the cardiothoracic ratio is the poorest roentgenographic 
method of detectmg cardiac enlargement, whereas orthodiascopic meas- 
urement of the frontal area of the cardiac silhouette is probably the 
most accurate The latter has the obvious disadvantage of requwmg a 
considerable amount of traimng m the techmque If the other disad- 
vantages of measurmg the frontal area, namely, the completmg of the 
upper and lower borders and the use of a plammeter, could be obviated, 
one would have an ideal method for even the untramed The method 
proposed by Ungerleider and Gubner approaches the ideal ” 
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To summarize our discussion of cardiac measurements, it is evident 
that with the use of either or both the transt^erse diameter and the 
nomographic determination of frontal area, we have two simple and 
accurate methods, which suffice to determme whether cardiac enlarge- 
ment IS present 

Roentgenologic examination of the heart should mvanably mclude 
obsen^ation of the aorta, for abnormahnes such as widemng, tortuosity, 
and calcification occur frequently m heart disease, particularly in hy- 
pertensive and arteriosclerotic heart disease and m syphihs Measure- 
ment of the true cahber of the aorta is difficult because both contours 
are not lusuabzed m the frontal position The left border of the de- 
scendmg aortic arch is visualized m the frontal roentgenogram, and, if 
the esophagus is filled wth banum, the nght border of the aorta is indi- 
cated by the aortic mdentation of the esophagus, therefore, the diameter 
at this level of the aorta can be ascertamed by subtractmg 2 mm repre- 
sentmg the thickness of the esophageal wall (Kjreuzfuchs’ method) 
The method is not dependable when the aorta is tortuous and the aortic 
knob projects to the left Where a portion of the aortic knob is distinct, 
as IS usually the case m adults, the true diameter of the aorta at this level 
may be ascertamed by the sunple method we have proposed,” of complet- 
mg the circle, of which the aortic knob is an arc, by means of a compass 
The cahber of the aorta determmed by this simple procedure checks 
exactly with the diameter obtamed by visualization of the aorta m the 
left anterior obhque position and with the Kreuzfuchs’ method The 
diameter of the transverse arch of the aorta can frequently be measured 
directly m the left antenor obhque position, particularly when some 
degree of emphysema is present to aid contrast, or when overpenetra- 
tion techmque is employed The diameter of the aorta at this level aver- 
ages 3 o to 3 5 cm m adults, varymg from 2 to 4 cm depending on body 
build and age 

These methods mdicate the size of the transverse and descending 
aomc arch, but it is the ascendmg aorta which is most often enlarged 
m disease The first poraon of the ascendmg aorta is buried in the car- 
diac shadow, and cannot be studied by any means except contrast vis- 
ualization Muth diodrast The diameter of the ascendmg aorta just above 
the aorac valve normally is 25 per cent greater than the diameter of the 
transi^erse arch at the level of the aoruc knob The ratio does not hold 
m pathological states as the ascending aorta usually becomes dilated to 
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a much greater degree than the transverse or descendmg arch Enlarge- 
ment of the ascending aorta is evidenced by prominence of the right 
border of the vascular pedicle and by a forward bulge of the antenor 
border of the aorta above the cardiac shadow as observed in the left an- 
tenor oblique views 

The right border of the vascular pedicle is formed by the superior 
vena cava m the majonty of young subjects, in later life it is more fre- 
quently formed by the nght border of the ascendmg aorta An mcrease 
m the transverse diameter of the vascular pedicle in the frontal roent- 
genogram does not specifically indicate enlargement of the aorta, for 
this may result from tortuosity alone, however, this measurement is 
useful in that it does distmguish between a normal and abnormal aorta 
In a recent study, it was found that the transverse aortic diameter in 
normal subjects is closely related to weight and height The table 
estabhshed for predictmg the transverse diameter of the heart from 
weight and height may be employed equally well for the aortic arch 
diameter A correction for age is necessary, i mm is added for each 
three years over the age of 43, and subtracted for each three years under 
the age of 43 Deviations from the predicted value up to ten per cent 
are within allowable normal limits, but deviations m excess of this are 
infrequently seen, and the aorta may be considered as almost certainly 
abnormal if the diameter exceeds 1 5 per cent above the predicted value, 
for 92 per cent of normal subjects fall withm this range The transverse 
diameter of the aortic arch is a simple and valuable standard for meas- 
ment of the aorta It is important that the roentgenogram be made with 
the subject properly centered for even shght rotanon into the obhque 
positions markedly alters the aortic arch transverse diameter If the 
diameter is found to exceed normal values, further study m the left 
antenor oblique position is mdicated for the aortic arch is best visual- 
ized m this view 

On the same nomogram chart employed for determining cardiac 
areas, we have, in the lower secnon mcluded a nomogram for the pre- 
dicted transv^erse diameter of the aomc arch and transverse diameter 
of the heart, based on our table This nomogram chart, therefore, serves 
as a simple method for the apphcation of all the measurements necess- 
ary, 1 e , the transverse diameter of the heart, the frontal cardiac area, 
and the aortic arch transverse diameter 

\Ve have devoted the greater part of this presentation to a discus- 
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Sion of cardiac measurements and to certam phases of cardiac enlarge- 
ment which have mterested us, such as electrocardiographic changes, 
the lead scale method to replace orthodiascopy, obliteration of the infra- 
bronchial space as a sign of left atnal enlargement, the arc method of 
determining the diameter of the aorta, and tables and nomograms for 
transt'^erse diameter and frontal area I do not wish to leave you with 
the impression, hotvever, that the recogmtion of enlargement is the 
only important consideration m roentgenologic study of the heart Time 
does not permit us to go mto detail, but we have already bnefly indi- 
cated that fluoroscopic study of the mdividual heart chambers is an 
mvaluable aid m various types of heart disease Observation of the 
cardiac pulsations also contnbutes such information, particularly m 
cardiac infarction, constnctive pencarditis and pericardial effusion The 
cardiac pulsations may be analyzed objectively by means of roentgenky- 
mography, a technique which has proven of value not only in clinical 
problems but m physiological studies as well, such as determination of 
cardiac output One of the really significant advances m cardiac roent- 
genology m the past few years has been the techmque of contrast 
visualization of the cardiac chambers with diodrast, mtroduced by Robb 
and Sternberg The apphcation of the method has been advanced not- 
ably with the multiple exposure method,^® and has proven of particular 
value m the diagnosis of congemtal cardiac lesions 
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William Worthington Herrick 


Herrick was, above all else, what Sir William Osier 
would have called a true physician, a doctor’s doctor, the 
one chosen by his confreres as their consultant Those of 
us who are left bereft by the suddenness of his passmg 
are sustained by the thought that he had attained the 
highest honor his friends could give him— The Presidency of The New 
York Academy of Medicme 

Wilham Worthington Hemck was bom in a country parsonage in 
Sherman, Connecticut His father was pastor of the church for sixteen 
years Six of his great uncles had been doctors and when he was fifteen 
he made up his iiund to be a physician Three generations of Herricks 
had preceded him to Yale Upon his office wall hang the Yale diplomas 
of his great-grandfather (1798), his grandfather (1822), his father 
(1871), his own (1902), and that of his son (1933) After graduating 
from the Yale Medical School with high honors m 1905, he spent the 
next two years as an mteme at St Luke’s Hospital in New York where 
he worked m both the pathological and medical services 

At some tune durmg these years of mteraship, he developed tu- 
berculosis It was a challenge to his medical science He returned to 
the family home m GaylordsviUe, Connecticut, and, as he often told 
the story, “rested on a cot out of doors and drank milk until he was 
cured ” For a time after his recovery, he assisted the local doctor and 
thus got his first taste of private practice 

For the next four years Dr Hemck was assistant to Drs E G and 
Theodore Janeway m New York At this time the teaching of medical 
students became of intense mterest to him and from 1908 on he served 
suci^ively as Instructor, Assistant, Associate, and then full Professor 
of Chnical Medicme at the College of Physicians and Surgeons of 
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Columbia University From 1910 to 1929 he was Assistant Attending 
Physician at Roosevelt Hospital 

During World War I, Dr Hemck sensed as a Major in the United 
States Army and was Chief of Medical Sennce at Base Hospital, Camp 
Jackson, S C Toward the end of the war he was medical consultant 
for the Southeastern Department 

During the present war he was a member of the Medical Advisory 
Board of Selective Service System of New York City and Chairman 
of the Physicians and Surgeons group of the Amencan Red Cross War 
Fund for 1945 

His medical writings date from 1908 and scarcely a year passed 
without the pubhcaaon of a carefully written paper upon the subject 
he was studymg at the time He was especially interested in the meta- 
bohc disorders, memngococcus memngitis, trichinosis, complications and 
toxemias of pregnancy, and later, m diseases of the heart and lungs 
About 1924 he assumed the complete editorship of the Nelson Loose- 
Leaf Medicine and until his death was responsible for these many 
volumes 

In all his fields of endeavor, he gave evidence of his ability both 
as an organizer and executive He drove himself hard He expected 
nothmg of his associates which he would not do himself In his pnvate 
pracnce, the younger men who have worked with him got mvaluable 
traimng and expenence by constant association with his expert wisdom 
and thoroughness, and then with his encouragement they branched out 
upon their own To these younger doctors he was a rock upon which 
they leaned 

He said of himself that he had a single track mind— his objective 
being to further the cause of medicine through the traming of the next 
generation of physicians 

To his patients he was a hope and a consolation Each one who came 
to his office for diagnosis was a challenge to him With infinite panence 
he umuld try to reach the correct solution of these complicated medi- 
cal problems That one of his special interests was in diagnosis was 
shown in his teachmg and in a scholarly paper presented before the 
Pracaaoners Society on “A Consideration of Diagnosis including its 
Logisacs ” 

Individual and social medical problems to him were never staac 
His address on assuming the Presidency of the Academy was entitled 
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Sciennfic humanism in this changing world 

At the time of his death not only was he carrymg the responsibilities 
of his private practice and The Academy of Medicine, he was attend- 
ing physician at Presbytenan Hospital, vice president of Trudeau 
Sanatonum and Internist on the Meical Staff of the New York Cen- 
tral Railroad 

He was a member of the Board of Trustees of Sharon Hospital, 
Sharon, Connecucut and on the consulting staff there He visualized the 
need for an enlarged and modernized hospital which would ser\^e 
Sharon and the surroundmg commumties and he was worlung toward 
this accomplishment 

Dr Hemck v^as a man of many resources He was an inveterate 
reader, he enjoyed music and for relaxation played the pipe organ and 
the piano Durmg the summer he spent many hours m the work-shop 
of his ConnecQcut home, doing wood-carvmg and makmg reproduc- 
tions of old furmture He enjoyed long walks in the woods, he fished 
and played golf His farm was a constant source of mterest to him He 
often said that everyone should have a piece of land to call his very own 
He died, as he would have wished to go, suddenly, without warn- 
ing, at the height of his powers He has left us the memory and example 
of a great man, admired, respected and loved not only for his profes- 
sional attamments, but for his intellectual honesty and his personal in- 
tegrity 


Josephine Hemingway Kenton 
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DECOiMPRESSION SICKNESS AND BUBBLE 
FORMATION IN BLOOD AND TISSUES* 

Harvey Lecture, October 26, 1944 
E Ne\\TON HAR^^Y 

Henry Fairfield 0<bonn Profceeor of Biolog> 

Princeton Unuersily 

Introduction 

TTER the last A'Vorld War, 1914—1918, an editorial m the 
Journal of the American Medical Association, m refer- 
nng to medical aspects of aviation and praismg the 
vmrk that had been done to protect aviators against 
the effects of altitude, spoke of the necessity of speed 
and die ability to climb above an opponent At that time bombing 
and obsen^ation planes flew “for hours at altitudes of 12,000 to 15,000 
feet” while pursuit planes attained “the enormous alntude of 18,000 
and 20,000 feet” * In the second M^orld War a sennee ceilmg of well 
o\cr 40,000 feet has been attained, a height where even the breathing 
of pure oxygen is not sufficient to supply the needs of the body With- 
out the protection of a pressurized cabin, man has become the hmit- 
mg factor to high ascent 

t iltscrilctl in piper done under i contract recommended bj the Committee on 
in imi i c ca-cn tic \ ctn the Office ot Sccnufic Rc^ca-ch and Development and Princeton 
Lrncr l\ 
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But considerably below 40,000 feet, a senes of symptoms have 
been described which cannot be attnbuted to any one of the three 
common and obvious difficulues at great height (1) lack of oxygen, 
(2) ear and smus trouble, due to non-equalization of pressure be- 
tween middle ear (or sinuses) and the external atmosphere, (3) intes- 
tinal pams, due to the expansion of gas m the digestive tract A fourth 
group of additional symptoms may appear and affect vanous parts 
of the body These range from a mild rash or ache to unbearable pain 
near the joints, from tightness in the chest to serious coughmg spells 
and from hyperesthesias or anesthesias to convulsions, paralysis and 
syncope The mdividual is definitely incapacitated, sometimes seri- 
ously Since the symptoms may begin to appear as low as 25,000 feet 
and are marked at 35,000 feet, they limit the altitude at which an open 
plane can be flown, for these heights are well below the point (38,000 
ft ) at which pure oxygen just begms to fail in supplymg the retina 
and brain Any of the above group of symptoms, fully described in 
Armstrong’s- classic book on Aviation Medicme, constitute decom- 
pression sickness* since they result from decompressmg the body from 
one atmosphere to lower values, an analogous change to the return 
of a person to one atmosphere after a previous exposure to compressed 
air Decompression sickness may also be apphed to the symptoms 
resulnng from the latter change, although the older terms, com- 
pressed air illness or caisson or diver’s disease, have been more fre- 
quently used 

In both compression-decompression experiments and in low pres- 
sure or “altitude” expenments, excess gas is dissolved in the body 
The tissues are saturated at a certam gas pressure, producing a simi- 
lar tension of dissolved gas m the cells and tissues, and then the gas 
pressure is decreased The procedure can be compared to removing 
the cap from a soda water bottle or exhausting a tube of water Avith 
an air pump Under certain condmons bubbles will form in both 
cases It has long been recognized and appears quite certain that com- 
pressed air illness is due to bubble formation in blood and tissues 
By analog\^ the symptoms at high alutude might also be expected to 
result from bubbles, although the question, until recently, had by no 
means been settled and other theones had been proposed Indeed, the 
formation of bubbles in animals at low barometric pressures had been 

* Arm'tronp li35 suEgc-^ted the \\ord aeroembolism, but this term implies unproten ideas about the 
origin of the 
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denied by the father of barometne studies, Paul Bert 

Early m the organization of the Committee on Medical Research, 
the division of Aviation Medicine foresaw the seriousness of decom- 
pression sj'mptoms and established the Subcommittee on Decompres- 
sion Sickness, uith John F Fulton, of Yale Umversity, as able 
Chairman The present basic study was undertaken in order to separate 
and analyze the fundamental factors involved m the formation of 
bubbles, with special reference to the conditions found m animals, and 
with the purpose of applying the findings to the aviator Critical ter- 
minal e\penments can be carried out with animals that cannot be un- 
dertaken with man Moreover, the \vhole problem of bubble formation 
in liquids was in a little known state at the time this work was started 
in May, 1942 

Man)'’ other groups of investigators have been sponsored by this 
Subcommittee It is not possible, for secunty reasons, to refer to the 
\ast amount of detailed data collected by these groups The reader is 
referred to reports that will eventually be published, prepared under 
the direction of the responsible investigators— Behnke, Bronk, Blanken- 
horn and Ferns, Evans, Fulton, Greeley, Han'^ey, Hitchcock, Ivy, 
Jacobs, Knislcy, Lawrence and Hamilton, Scott, Swmdie, AVhitaker, 
Blinks and Tv'itt^^~as well as the man)'’ Army and Navy experi- 
mental and training stations in this country, in Canada and in England 

It IS a pleasure to express here my sincere appreciation of the 
keen interest, fertile ideas and extended experimentation of the men 
who ha-ve collaborated on the Princeton project* Wm D McElroy 
and Mr A H M hitclev, members for the full penod of the contract, 
md D C Pease, G H M^arrcn, K W Cooper and Wm Kleinberg, 
part of w hose tunc has been dc\ oted to the wmrk I am also pameu- 
InrU griteful to Professor Henry Eynng, of the Chemistr)^ Depart- 
ment I rinccton Unu crsit^*, for much helpful discussion, and espe- 
cialK to Mr D K Barnes, who has worked out a detailed theor)^ 
ol the scpirition of a gas phase from a liquid and clarified our knowl- 
edge of the conditions for stabilirs' and growth of gas masses 

Historx 

Probibh the first bubble recorded in animals was that seen by 
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Robert Boyle® m the eye of a snake which he had placed under 
his newly invented air pump in 1670 Boyle’s remarks are so perti- 
nent to our subject and so prophetic of what has now been realized 
in aviation that I quote him m full After descnbmg an evpenment 
MTth fresh blood and another with fresh milk which boiled vigor- 
ously on evacuation with his pneumadcal engine, he szys 

Note, that the two foregoing Experiments were made v.ith an E^e cast upon the 
mquirj, that I tliought might be made, ^^^lethe^, and hou far the destructiie operation 
of our Engin upon the induded Ammal, might be imputed to this, that upon the with- 
drawing of the Air, besides the removal of what the Airs presence contributes to life, 
little Bubbles generated upon the absence of the Air in the Blood, jmces, and soft parts 
of the Bod\, ma} bj their Vast number, and their conspiring distension, lariouslj 
streighten m some places, and stretch m others, tlie Vessds, especially the smaller ones, 
that convey the Blood and Nourishment, and so by choaking up some passages, and 
intiating the figure of others, disturb or hinder the due circulation of the Blood’ Not 
to mention the pains that such distensions way cause in some Ner\ es, and membranous 
parts, uhich by irritating some of them mto coniulsions mn\ hasten the death of Ani- 
mals, and destroy them sooner by occasion of that irritation, than the} would be 
destroyed by the bare absence or loss of what the Air is necessar} to suppl} them with 
And to shew, how this production of Bubbles reaches even to ver} mmute parts of 
the Body, I shall add on this occasion (hoping that I ha\e not prevented m\ self on 
any other) what may seem somewhat strange, uliat I once obsened in a Fipcr, fur- 
loush tortured m our Exhausted Receiver, nameh, that it had mamfestlv a conspicuous 
Bubble moimg to and fro m the watensh humour of one of its Eves 

Although sporadic obsen^ations were made after Boyle, real knowl- 
edge of the eJffects of var)ang atmospheric pressures began with Paul 
Bert’s systematic study, published as La pression bmovwtnqiie in 
1878 Bert demonstrated the presence of bubbles m the blood and 
tissues of animals after compressed air experiments but denied the 
existence of such bubbles m animals exposed to low pressures, although 
Hoppe® in 1857 had previously reported bubbles to be present in am- 
mals at 50 mm Hg (62,000 ft ) To further study the problem. Hill 
and Greenwood® in 1910 exposed eight mice, nvo guinea pigs, a 
kitten and a rabbit to 50 mm Hg air pressure unnl the animals died 
and then exammed them post-mortem No bubbles v ere found in any 
except the rabbit whose heart and large vessels were full of air 
They concluded that m general Paul Bert was right Actually, both 
Hoppe and Bert v ere correct for we now know that resting animals 
at high altitudes rarely develop bubbles but if they are exercised 
vTth vigorous muscle contracaon, bubbles appear in the blood quite 
regularly These conflictmg results, as well as the doubts expressed 
by various workers that bubbles appear m blood at alntudes, must 
be atmbuted to the chance variation m amount of movement tak- 
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mg place m the animals under e-tpenmentation 

The bad effects of deep diving have long been known but the 
problem of illness after exposure to high air pressures became par- 
ticularly' important \mth the mvenaon in 1840 of the caisson, a com- 
pressed au: chamber for smkmg shafts or tunnels or for buildmg piers 
under water With the extended use of this de\ice and the com- 
pressed air diving suit m the latter part of the last centurv% diver’s 
or caisson disease became common A senes of m ords u ere coined 
by the workers to descnbe the s\’^mptoms Among these the “bends,” 
the “chokes” (or “chokers”), the “itch” and the “staggers” are the 
most picturesque and descnbe quite adequately pint pams, respirators’- 
difficulnes, slon erupnons and paralyses The ex-penence from actual 
flymg and m high altitude chambers indicates that all the above sinnp- 
toms may also occur Skin trouble and nenmus affecnons are rather 
rare but the bends and chokes are frequent and these words ha\e 
become a permanent part of the scientific locabulan* of the subject 

Interest of the Bntish Admiralty in dning led J S Haldane' with 
Boycott and Damant® ° as w ell as Leonard HilB” to their extensn e re- 
search in 1906 to 1908 w’hile in the Lnited States beginninsj in 1935 
Behnke^^ and associates, Shaw% \^'iIlmon and Yarborough and Shil- 
hng,*-“ have extended our know ledge, making special studies of nitro- 
gen elimination, fat content and the use of helium for unusually deep 
divmg to ehminate the dangers of ox^'gen poisonins and nitrogen 
narcosis In Germany the classic contnbuuon of Heller, Alager and 
von Schrotter^^ compiles the facts on diving up to 1 900 

The symptoms of caisson disease could be immediately alleviated 
and a life often saved by recompressing the patient and then decom- 
pressmg more slowdy, aUowung time for excess gas to be removed 
from the body Chambers for this purpose w'ere first introduced by 
Sir Ernest Moir about 1890 The mcreased pressure contracts the 
bubbles and this fact proves that symptoms only appear w hen bubbles 
reach a certam size Expenence at simulated high altitudes likewise 
mdicates that recompression to lowxr altitudes (even a change from 
35,000 to 25,000 feet) w’lll also instantly relieve bends and chokes 

but upon immediate reascent the pain w’lU reappear in exactly the 
same place 

Such facts lead to the mescapable conclusion that decompression 
sickness results from the formanon of gas bubbles m the body and 
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multiplicity of symptoms reflects the region in which the bubbles groAV 
or lodge The relief or treatment of decompression sickness is an ac- 
complished procedure— immediate recompression Prophylaxis remains 
to be considered If bubble formation could be prevented in the 
body when its tissues are supersaturated, bends \\ould cease to be a 
problem 

It IS obvious that a fundamental study of the conditions under 
which gas will separate from solution is absolutely essential In addi- 
tion the composition of the gas which forms the bubbles must be 
known and every possible fact that nught bear on the problem Conse- 
quently, a study of bubble formation has been undertaken under the 
simplest conditions easily attamable, m xvater saturated with a single 
gas m a glass vessel This study has been supplemented by investiga- 
tions of blood tn vitro and also in the body of narcotized animals, 
for It IS m this fluid, 1 e , in the blood vessels, that bubbles most fre- 
quently occur The condition may be called pompholyhemia and we 
have used this symptom m our study of the cat as an index to evaluate 
similar procedures which might cause or prevent decompression sick- 
ness in man 

Bubble Formation From Excess Gas 

Many important pnnciples can be demonstrated with a bottle 
of soda water in which carbon dioxide is dissolved at a tension of 
3 or 4 atmospheres If the chilled bottle has remained upright and 
undisturbed for some time, no bubble will form when the cap is 
removed but on tipping the bottle so that soda water flows over the 
dry glass surface bubbles immediately appear, and on carefully pour- 
mg mto a dry tumbler abundant bubbles cling to the walls There 
may frequently be obsen^ed a chain of bubbles ansing from a point 
where a gas mass remains sticlong to the glass Sometimes bubbles 
also anse from a clearly visible dust particle in the bulk of the liquid. 
If the tumbler is greas)^ the hydrophobic region will be outlined by 
abundant bubbles which persist until the soda u'ater has lost its excess 
gas In fact this “bubble test” will tell how thoroughly a tumbler 

has been washed 

The bubbling and effen^esccnce is all due to minute gas masses 
which sack to the dr)^ walls or to dust parades and grow into 
bubbles as soon as the pressure release occurs M'e can prove this 
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Fig 1 Fig 2 

Fig I (left) Pliotogriiph of nn air l)iilil>le under a glass (nboie) and n 
paraffin surface (lieIo« ) 

Fig 2 (right) I’hotogrnjili of nn nir bulililc in n glass capillan (alioic 
and n ludrophobic capdlnri (belou) In the Inttcr the cononie curinturc of 
the air surface cannot be seen but it is indicated 1)\ tlic fact that the trans- 
mitted s>hite band of light does not reach the edge of the gas c\lindcr The 
nir bubble on glass is 1 (>5 nmi across 


by gently pouring the soda water into a scrupulously clean and 'wet 
tumbler, when no bubbles form, except during the first disturbance 
of the surface due to pouring If some dry powder, such as infusonal 
earth, is now dropped into the quiet soda water the carbon dioxide 
separates with explosive violence but if the infusonal earth has been 
first boiled in water to remove its air films and then placed Mdiile 
wet into the soda water, not a single bubble will appear Hoii'ever, 
a paraffined surface (hydrophobic), no matter how well cleaned, will 
always bubble profusely 

Gas Nuclei 

These effects are all due to small gas masses, or gas nuclei, wdiich 
stick to any dirty, especially greasy, surface but not to clean wet glass 
The sQckmg of gas is a matter of contact angles, which are n^ell seen 
from the form of bubbles in capillary tubes or on surfaces As shown 
m Figure 2 , a bubble in a glass capillary filled with water has rounded 
(convex) ends-the contact angle (measured through the water) is 
zero, m a paraffined capillary the gas bubble has concave ends and 
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the contact angle is about 108° Since the form of gas bubbles m 
blood vessels is similar to that of water m a glass tube, we may con- 
clude that the endothehum is, on the average, hydroplulic, an important 
fact for the theory of bubble formation 

On a plane surface the form of bubbles is illustrated in Figure i 
and the contact angles are clearly visible On a completely hydro- 
phobic surface like glass, the zero contact angle means that no bubble 
can stick and no nucleus can remain but with any positive contact 
angle nuclei can stick and may be stable under certain conditions 

Bubble Formation From Negatiit: Pressure 

The development of bubbles in a liquid saturated with gas at 
one atmosphere and under one atmosphere pressure is uncommon 
but a number of examples are known Such bubble formation is 
due to local decrease in hydrostatic pressure A most interesting case 
was descnbed by Osborne Reynolds’"* at a constnction in a pipe When 
water flows through a tube which is narrou'ed at one place, the veloc- 
ity IS obviously mcreased at the constnction and, by Bernoulli’s law, 
the pressure must decrease In addition, vnolent turbulence and vor- 
tices appear * If the constriction is narrow enough and the velocit)'" 
suiflcient, very low pressures will be produced and the water will 
suddenly break into cavities (cavitation) with a hissing sound When 
the cavities collapse, which they do periodically, as shown in Figure 3, 
bubbles of gas remain and can be seen in the water leaving the con- 
striction Reynolds called the phenomenon “the boiling of water m 
an open tube at ordmary temperature ” A^flienever a local constriction 
occurs in a blood vessel, tvhether from a spasm or from passive squeez- 
mg between muscles, the pressure must be lowered at the constricted 
pomt, but It IS doubtful if the velocity of flow is sufficient to produce 
Reynolds’ cavitation m the body 

Another example is the cavitation winch appears m water due 
to the passage of intense sound waves, or the bubbles which will 
form in a test tube of rvater at one atmosphere pressure if the bottom 
IS hit a senes of blows Just as sound waves are made up of pressure 
changes, with increased followed by decreased components, so the 
series of blows involve increased followed by decreased pressure 
A blow (or even vibration) to the human body at altitude would 

* Dcanlli belie, „ most bubble formation m water free of gas nude, ,s due to aortices 
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I'lfT !■ NcpiiLhL prints from a high-speed iiioMe (1,200 frames per second) film of cariti formation in a glass 
liiliL (10 J mm diani ) filled Mitli air saturated water but under a low pressure, when the bottom is struck a 
blow Ihe initial ca\it) oscillates in roliinie se\crnl times before the final bubbles start rising to tlie surface Ihe 
indnidiml frames are numbered 
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tend to bubble formation, but might not necessanly actually produce 
bubbles unless mtense 

Whenever tensions are built up, as when a glass rod immersed 
in water is suddenly withdraivn, or when a propeller blade by rota- 
tion contmually pulls away from the water, cavmes may be formed 
and bubbles appear 

If the hquid, already supersaturated with gas, is subjected to a 
blow or any other treatment described above, the formation of bubbles 
is greatly facilitated The results of cavitation become particularly 
important at high altitudes where the pressure is already near the 
vapor pressure of water, much less m compression-decompression 
experiments where the final pressure is one atmosphere, far from 
the vapor pressure of water A series of photographs of cavity and 
bubble formation m a tube of water at no mm Hg pressure (the 
eqmvalent of 45,000 feet) after stnking the bottom with a xvooden 
block is reproduced m Figure 4 

The tensile strength of water is believed to be very high This 
IS demonstrated by experiments m which a slow steady pull is ap- 
phed, as m those of Berthelot^'' and of Dixon, where clean degassed 
glass tubes were completely filled with water at a high temperature and 
the temperature then lowered, allowmg the greater differential volume 
contracuon of water as compared to the glass vessel to develop the 
pull Negative pressures (tensions) as high as 150 atmospheres were 
found before the hquid suddenly broke, leaving a cavity 

This expenment is quite comparable to taking a piece of paper 
by two opposite edges and trying directly to pull it mto two halves 
The necessary effort is very great On the other hand, by grasping 
one edge of a piece of paper xvith the two hands and twistmg in oppo- 
site durections, the paper can be tom m two with the greatest of ease 
The same amount of energy is required in either of the tvm methods 
but the rate of application of the energy (the power) necessary by 
the first is enormous, by the second very small 

Smce tension is the negative equivalent of pressure* (1 e , nega- 
tive force per unit area), if the area is small, enormous tensions may 
develop In a hquid pressures or tensions quickly become equally 
debuted, as lUustrated by Pascal’s law, but, if the tension develops 

* - -’•‘I P-ss„re, 
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in a very short time inten’^al, inertia and viscosity of the hquid may 
result m local high tensions (perhaps 100—1,000 atmospheres) so that 
the hqmd is literally tom apart 

Considerable space has been devoted to this conception since we 
deal in the animal body with surfaces that can be tom apart and local 
pulls are involved rather than the uniform conditions of the Berthelot 
and Dixon expenments Working with presumably gas nucleus free 
apparatus we can somenmes expenmentally demonstrate the formation 
of cavities on the end of a glass rod drawn out of water in a narrow 
tube when the velocity reaches about 16 meters per sec With corn 
syrup the velocity can be very low because of the inability of the 
viscid liquid to move mto the space left by the rod, and with gelatin 
gel only a shght movement is sufficient to form a cavity A'loreover, 
the weight necessary to pull a glass rod out of gelatin is only a few 
kilograms and the local regions of high tension can be seen as strain 
patterns when viewed between crossed polaroids Gas always moves 
mto these cavities with extraordmary rapidity and a bubble is left 
when the cavities collapse 

That such a mechamsm must be mvolved in the formation of 
bubbles in the animal can be demonstrated in excised tissues manipu- 
lated by puUmg and cutting under conditions properly controlled 
to msure that extraneous gas nuclei are not introduced Connective 
tissue IS particularly prone to form bubbles by this procedure and 
It IS perhaps significant that the bends are associated with regions rich 
in connective tissue 

The Pressure Difference, AP 

From the preceding discussion it is apparent that the tendency 
for bubbles to form will depend on nvo factors, both on gas dis- 
solved and also on pressure in the liquid The difference between 
these may be called the pressure difference, AP It is numerically equal 
to the gas tension, t, mmus the hydrostatic pressure, P The gas ten- 
sion IS determined by Henr^^’s law, which states that at equilibrium 
the tension of gas dissolved in a Iiqmd is propomonal to the partial 
pressure, p, of gas, which may be measured m atmospheres, in contact 
with the hqmd The hydrostatic pressure can be either positive or 
negative and may also be measured in atmospheres The pressure 
difference, AP = r — P, is one of the pnmary reasons for bubble 
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formauon m compression-decompression and m low pressure experi- 
ments 

If a gas nucleus is present, any change m AP will change its 
volume However, if gas nuclei are absent, the question anses as to how 
great AP must be before bubbles will form spontaneously, le, how 
much supersaturation is possible before gas bubbles appear de novo in 
a homogenous liqmd at rest A treatment based on thermodynamics 
and statistical mechanics mdicates 100 to 1,000 atmospheres for spon- 
taneous bubble formation This is confirmed evpenmentally by Ken- 
nck, \^^ismer and Wyatt,^' who have demonstrated that water, if 
undisturbed, may be brought mto equihbnum with at least 150 at- 
mospheres of gas without forming bubbles when the pressure is re- 
leased 

This statement regardmg high AP for spontaneous bubble forma- 
tion applies also to water m contact with hydrophilic surfaces whether 
smooth or rough and to hydrophobic surfaces if molecularly smooth 
but, if pitted or contammg cracks, gas nuclei can form de novo and 
grmv to bubbles at less than 100—1,000 atmospheres gas tension Theo- 
reacally, if a crack or a cone shaped cavity exists wth a sufficiently 
small angle, de novo nucleus fonnatton should occur unthout super- 
saturation with gas This de novo nucleus may then grow to a bubble 
under the conditions which control the grouT:h of any other nucleus 

The Effect of Different Gases— Diffusion 

compared at the same tension different gases will behave 
alike except when rates of diffusion are important In this case not 
only AP but diffusion constants and especially solubility must be con- 
sidered A highly soluble gas like carbon dioxide, even at a low tension, 
may play an important role in the early grouTh of a bubble by diffu- 
sion because of the high concentration of carbon dioxide molecules 

The effect is well seen when a vapor cavity is produced in a 
hqmd by negative hydrostatic pressure If both carbon dioxide and 
nitrogen are dissolved at the same tension m the liquid surrounding 
the cavity, they vuU diffuse mto the canty at rates dependmg on their 
concentrations (smce the diffusion constants are nearly alike) rather 
than their tensions When the vapor cavity collapses there will be 
a much greater proportion of carbon dioxide than of nitrogen in the 
bubble that persists Later the proportion of carbon dioxide and nitro- 
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gen Will adjust, so that at equilibrium an equal amount is present, i e , 
a proportion that reflects their partial pressures 

Likewise, the size of bubbles will be greater if carbon dioxide 
rather than mtrogen is diffusmg into them, both from the same ten- 
sion The rapid exit and entrance of carbon dioxide into bubbles is 
easily demonstrated by filhng a long glass tube with layers of ivater 
alternately saturated with air and with carbon dioxide The carbon 
dioxide layer may be colored with a dilute dye to render its boun- 
daries visible If minute bubbles are now produced m the air-saturated 
layer at bottom by strilong the slightly evacuated tube a blow, the 
bubbles rise slowly, but when they pass into the carbon dioxide layer 
they jump m size, due to more rapid diffusion of carbon dioxide in- 
ward than of air out, and rise rapidly until they reach the air-saturated 
layer Then carbon dioxide passes out of them rapidly, they suddenly 
shrink and nse slowl))- until the next carbon dioxide layer is encoun- 
tered, when the process is repeated We may imagine a rapid bubble 
growth in contracting muscle when carbon dioxide is produced, fol- 
lowed by the later replacement of this gas with nitrogen for perma- 
nent bubble formation 

Stability and Growth of Gas Nuclei 

Gas supersaturation is hke salt supersaturauon, vuth this exception 
The presence of a minute crystal of the salt is sufficient to start crystal- 
lization of the whole salt solution, whereas a gas nucleus may enlarge 
to a certam pomt in a gas supersaturated liquid but will not grow in- 
definitely until certam cntical condiuons are surpassed The conditions 
are simple and clear in a sphere The surface tension of the gas-water 
interface exerts an inuard pressure which is inversely proportional to 
the radius and amounts to an extra atmosphere in a bubble m pure 
Avater of 3^1 radius This excess pressure forces the gas into solution 
and the bubble disappears Small sphencal bubbles cannot exist un- 
less there is excess gas in the liquid and the conditions for stability 
are that AP = ay/r, w^hen y is the surface tension and r the radius 
of the bubble 

For a gas mass sacking to a surface the condiaons of stabihty are 
much complicated, smee the configuraaon of the surface and the 
gas mass which may have two radii of cun^ature at nght angles to 
each other, as W'^ell as the receding contact angle, which determines 
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Fig 5 A A gas nucleus in a conical ca\lty of apical angle 'p, and siinll 
receding contact anglCj On sa, advancing contact angle. R, radius of base, 
r, radius of cur\ature of gas-water interface at moment of instability (sobd 
line) Tlie dotted lines show stages of grou'th Tlie hemisphere limits stabil- 
it\ B A similar gas nucleus in a conical ca\ity with large receding contact 
angle uliicli limits stabiliti C A gas nucleus in a cone of acute apical 
angle, so that Sr > 90° -p '2 Note curiature of gns-vater surface. 

‘creep” of the gas nucleus, are all important It is not possible to 
describe m detail the conditions for stabihty of gas nuclei on surfaces 
but Figure 5 illustrates what will happen in cases which have been 
considered m a recent paper by Harvey et al 

^^Tierever a surface is concave to the gas phase, as m Figure 5,, 
C, the pressure m the gas is less than the gas tension in the water 
and gas Mould tend to move m from solunon thereby continually- 
enlarging the gas mass 

For every gas nucleus there is a certain AP belov udiich it is 
stable and above which it grows by diffusion of gas We may look 
upon a test tube of M^ater, not especially cleaned to remove gas 
nuclei, as contammg a population of gas nuclei of varying dimen- 
sions, each one of w^hich tvill grow at a certam cntical AP If e\- 
hausted to one-half atmosphere, a group of bubbles -will anse and then 
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no more appear, but on reducing the pressure to one-quarter atmos- 
phere another group of bubbles arises This formation then ceases 
but at one-eighth atmosphere another group arises and so forth At 
the vapor pressure, aAPof76o — 20 = 740 mm Hg, the hydro- 
static pressure, P, has been reduced as much as possible by evacu- 
anon but by stnkmg the tube, a pressure pulse with a tension com- 
ponent IS set up and P becomes le^ than the vapor pressure, givmg 
rise to growth of a new senes of gas nuclei with the formation of 
more bubbles For convemence we can call all nuclei which will grow 
at or above the vapor pressure of water, gas macronuclei, while those 
which require a greater AP for continued growth are gas micronuclei 
The distmction is quite arbitrary and merely represents a convement 
line of demarcation 


Removal of Gas Nuclei 

For any experimental work with animals it is necessary to use 
liquids in containers or implements which have no gas nuclei socking 
to them, otherwise quite erroneous conclusions may be drawn re- 
garding the bubbhng of blood, spmal fluid or tissues Any bubbles 
which appear in such an experiment may have come from gas nuclei 
on the surgical mstrument or apparatus rather than from the blood 
or ossue (see Harvey et al 

The first necessity for avoidance of gas nuclei is to avoid hy- 
drophobic material This is not because a hydrophobic surface can- 
not be cleaned of gas nuclei, for it can, if always under water, but 
because the water runs off when exposed to air, and an aur film then 
sticks by virtue of its contact angle The surface should be so clean 
that a water film will cover it c^ovipletely when removed to the air 
If contamer and water are then well centnfuged, macronuclei or 
dust particles on glass can be removed and the water will not bubble 
at the vapor pressure After treatment by this method, M HCl and 
M NaHCOa can be mixed without bubble formation and yeast can 
be grotvn in gas-nucleus-free culture medium with copious carbon 
dioxide production but without formation of bubbles Filtcnng may 
also be employed to remove gas nuclei but it is essential to make cer- 
tain that no gas masses are present on the filter, for filtering some- 
times introduces more nuclei than it removes 

For removal of gas micronuclei two additional methods are avail- 
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able, both highly effective One removes gas from solution by pro- 
longed boding or evacuation, thereby allowing the nucleus to dis- 
appear by solution m gas-free hquid, the other makes use of increased 
hydrostatic pressure, thereby forcmg the nucleus into solution The 
latter method is the most convement, smce the hquid retams its pre- 
vious gas tension after a high pressure treatment and the difficult task 
of resaturation without introducing gas nuclei is avoided We have 
placed both water and container in a steel chamber filled with water, 
and have used a hydrostanc pressure of 16,000 Ib/in^ (1,090 atmo- 
spheres) for 15 to 30 minutes Such previously compressed water in a 
clean glass tube has remarkable properties It can be heated to at least 
202° C before bursting into vapor, although evaporation from the 
surface is enormous When mtense high frequency sound waves are 
passed through, no cavitation occurs and no bubbles anse Finally, if 
exhausted to the vapor pressure of water at 20° C, moderate knocks 
have no effect and only a very severe blow, strong enough nearly to 
shatter the glass, will cause bubbles to form 

Although this water is gas-nucleus-free, bubbles can still be pro- 
duced m It by procedures which mcrease AP to the 100 to 1,000 at- 
mospheres necessary for spontaneous bubble formation— either by 
decreasing P, as when a glass rod is rapidly pulled out of the water 
with cavitation and bubble formation, or by increasmg t, as when such 
water is electrolyzed and the gas concentration rapidly rises at the 
electrodes or when frozen and the formation of ice crystals (m which 
gas IS insoluble) raises the gas concentration to a high lvalue m pockets 
of the unfrozen liquid 

Gas Nuclei in Blood 

\Vith these fundamental principles in mind we may now turn to 
the animal and apply them to the obsen^ed facts At altitude bubbles 
are rarely observed m restmg animals but do appear in blood vessels as 
a result of muscle contraction, whereas in resting animals decompressed 
to one atmosphere from high am pressures the bubble formaaon is 
profuse m blood vessels, and many tissues are a froth of bubbles 

Smce bubbles appear most readily in blood it was natural to test 
this liquid for gas nuclei Previous experience with glass models and 
methods of remowng gas nuclei have supphed the techmque for draw- 
mg samples of blood mto a long clean wet glass tube, or pompholy- 
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gometer, one end of which is a cannula inserted and tied in the blood 
vessel By appropriate clamps, stop-cocks and connections to a vacuum 
resenmir, successive samples of blood in the pompholygometcr can be 
tested below the blood vapor pressure at 38° C to see if gas nuclei are 
present which vnli grow into visible bubbles The testing conditions 
of less than 47 mm Hg are equivalent to an alatude of 63,000 feet 
(a AP of 713 mm ), far greater than the ammal itself can stand 

The carotid blood when sampled in the above manner has been 
found to be free of gas nuclei m restmg cats at ground level as well as 
in cats after a previous exposure to high altitude* Even when the 
blood IS drawn at an altitude of 45,000 feet or durmg a prolonged 
exposure to an air pressure of 100 Ib/m^ bubbles have not appeared 
at the vapor pressure except m a few instances where contammation was 
suspected These expenments mdicate that all the formed elements of 
the blood (red and white corpuscles, platelets, fat globules or blood 
dust) play no part m bubble formation, that air masses do not normally 
pass from alveoli to lung capillanes (although they may when the 
alveolar air pressure is raised above that m the capillaries) and that 
movement of the blood with turbulence and vortex formation around 
the valves of the heart does not normally start bubble formation They 
lead to the conclusion that bubbles must arise from gas nuclei sacking 
to or formed on or withm the endothelial Imings of the vascular system 
or extravascular spaces and only when they have enlarged to the point 
of mstabihty do they pass mto the blood stream 

A few attempts were made to sample venous blood from the post- 
cava below the renal vein, but the low blood pressure and the tendency 
for this vessel to pass mto spasm has mtroduced duSiculaes These can 
be overcome but the postcaval wall is so thin that bubbles UTthin can 
be readily seen unth the naked eye The postcava, m fact, is a natural 
pompholygometer for testing blood from the hind quarters of the body 
and has been used m our standard experimental procedure in smdying 
bubble formaaon 

Animal Technique 

The cat is anesthetized with nembutal and the abdomen opened 
with htde loss of blood The viscera are pushed aside and covered with 
moist cotton to prevent evaporaaon, thereby exposmg a considerable 

* The word altitude used m this sense throughout this paper refers to a simulated altitude m a tom 
pressure chamber 


Fig C AlK)\e — View of high altitude chamber iiith cat in position, reser- 
loir lacuum tank for rapid removal of air from altitude chamber, oxygen 
cjlinder, mercun altitude gauge and accessor} apparatus Below — Near 
view of same, showing mercurv blood pressure manometer on outside of 
altitude chamber Equahration of pressure is effected by connecting open 
xnd with interior of chamber 
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length of the postcava together \vith its mbutary branches \^^hen the 
cat IS placed m a horizontal position m the alutude chamber and well 
illummated, observations can be readily made through the glass ob- 
sen^ation ports, and bubbles of o 2 mm diameter can be seen wnthin 
the veins Only when bubbles are very large can they be detected in 
arteries 

The altitude chamber, showm in Figure 6, is an old autoclave, con- 
nected by a good-sized pipe and valve to a large reservoir chamber 
which can be evacuated with an air pump The capacity is such that 
by openmg the valve qmckly or slowdy the small chamber reaches the 
simulated altitude at any desired rate from explosive decompression to 
our usual average “rate of climb” of 5,000 feet per second 

The chamber is too small to admit a man and the altitudes are often 
so high that no man could exist for any length of time Therefore, 
various devices have been developed for physiological manipulation 
from wnthout the chamber Some of these devices are shown m Figure 7 
Blood pressure can be determined with a carotid cannula mside and a 
mercury manometer outside the chamber, provided care is taken to 
remove gas nuclei from connecting tubes The open end of the ma- 
nometer IS reconnected to the altitude chamber for equalization of 
pressure as shown m the lower portion of Figure 6 Electromagnetic 
clamps for blood vessels or tracheae have been devised that Mall either 
open or close on makmg a contact, as well as automatic syrmge for 
injecting solutions FmaUy, an mgemous “mouse trap sectioner” for 
cutting the spmal cord ^vlth the cat m the chamber is activated by 
electromagnetic release of the spring of the trap to w'^hich a ware is 
attached that cuts through the cord 

Pure oxTgen is administered by a glass tube fitting loosely over a 
tracheal cannula The altitude has been mostly 45,000 feet (no mm 
Hg), selected as a convenient high level at M'hich cats vnuld live for 
at least an hour Math oxygen breathing despite considerable anoxemia 
Under these conditions the rate and extent of bubble groMTh Mnuld 
be as great as possible 

Resting Animals at Altitude 

If a senes of resting nembutal anesthetized cats are prepared in this 
manner and obsen^ed for at least an hour at 45,000 feet, bubbles rarely 
appear in the postcava Even at 50,000 feet M^here a percentage of the 
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Fig 7 Various devices for manipulahon m tank 
Upper left — artery clamp closed by electromagnet 
Lower left — artery clamp opened by electromagnet 
Upper right — mouse trap spinal cord cutter Lower 
right — motor and eccentric for passive moi eraent of 
leg 


animals die, bubbles are not usually found during a 60-minute observa- 
tion or dunng the life of the cat Smce dissolved gas in the animal is 
constantly and rapidly lost at this altitude by the efEcient breathmg and 
•circulatory mechanisms, aided by further compensatory changes result- 
ing from anoxemia, experiments were undertaken to retam the dissolved 
£as, expectmg that bubbles might then appear Both artenes (aorta and 
-collateral arteries) and veins (postcava) were oed, or the leg was 
toumaquetted or the trachea clamped (when the heart continues to 
beat for 6-8 minutes), but even under these more favorable conditions, 
bubbles failed to appear 

Animals Stlmulated at Altitude 

However, if the hmd legs of the cat were stimulated vigorously, 
bubbles from limb vems could be observed movmg up the postcava, 
sometimes within 5 seconds of stimulation By 16 rmnutes the great 
■ma)ont>>' of the animals had formed bubbles although there was vana- 
tion in time of appearance from cat to cat and an occasional ammal 
was resistant to bubble formation and remamed free of them despite 
this procedure If only one leg was stimulated, the bubbles formed in 
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that leg and appeared in veins draining that leg only This important 
discovery of the effect of muscle contraction on appearance of bubbles 
was first made by A^Titaker, Blinks and collaborators,* using bullfrogs, 
and has its pracucal apphcation in the well recognized fact that strain- 
ing movements and exercise among aviators is the most important pre- 
disposing factor for the development of bends and chokes 

Another point of special interest is the variabihty in time of bubble 
formation in cats, which has its counterpart also m the varying re- 
sistance and susceptibihty to decompression sickness observed in men 
Part of this variability may be due to force and extent of muscle con- 
traction on stimulation, part to differences in the circulation and part 
to the fat content of the animals, for it is well recognized that fat men 
are particularly susceptible to bends after diving and Boycott and 
Damant® found a correlation between fat content and bends in goats 
after an exposure to compressed air Since nitrogen is about five times 
more soluble m fat than in water, a large volume of gas is available for 
growth of bubbles m fatty regions 

To test the effect of fat content and bubble formaoon at altitude, 
the fat of the subcutaneous region below the diaphragm (mcluding the 
ingumal fat pads and deposits below the slon of the legs as well as the 
popliteal space) was removed from more than 400 cats, weighed and 
then expressed as a percentage of the body weight When time of bub- 
ble appearance was plotted vs fat content, no correlation could be 
detected, a result we beheve to be connected with the rather rapid 
appearance of bubbles after the muscles are stimulated Only when the 
bubble formation is relatively slow, as on decompression from criocal 
excess air pressures, have we observed a correlation between time of 
bubble production and fat ft is under these conditions that the slow 
seepmg of additional nitrogen from fat deposits can make itself felt Far 
does not appear to be a primary cause of variability 

If stimulation of the hind legs is made at 35,000 feet (180 mm Hg) 
bubbles also appear but they are smaller and often hard to see At lower 
alatudes we may expect to find mmute bubbles of microscopic dimen- 
sions too small to do any harm 

Animals Stimulated Before Ascent 
Evidently stimulation of the legs at altitude increases the AP abo\ c 
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that due to the altitude itself, so that bubbles appear in consequence 
Such an increase in AP must enlarge gas nuclei even at ground level, and 
It IS conceivable that the enlarged nuclei might persist for a sufficient 
time to give rise to bubbles if the animals were subsequently exposed 
to high altitude W e have a comparable experiment in a glass tube filled 
with water and free of any gas nuclei that can grow to visible bubble 
size at 45,000 feet (no mm Hg) If the tube is hit a few blows at 
ground level, no bubbles may be visible but when immediately evacu- 
ated to no mm Hg, bubbles appear If there is a delay before evacua- 
tion the gas nuclei disappear and bubbles will not form 

The analogous experiment succeeds m the ammal A^^hen the hmd 
legs of cats were stmiulated once a second for uventy seconds and the 
ammals immediately taken to 45,000 feet, bubbles appeared in seven 
out of ten cats However, if there was a wait of ten minutes before 
ascent to 45,000 feet, in only tv\^o of ten cats did bubbles appear 
During this wait the enlarged gas nuclei in the animals had returned 
to theur origmal condition It is therefore apparent that vigorous muscle 
contraction and strainmg movements should not be earned out just 
before ascent, because, due to the excess AP, gas nuclei will be enlarged 
and may form bubbles at the alutude 

On the other hand, muscular exercise must have a beneficial effect 
in preventing bubble formation by vutue of the marked vasodilation 
and opening of closed capillaries m muscle tissue as well as the mcreased 
circulation and hypen^entilation necessary rapidly to remove carbon 
dioxide from the blood Dunng exercise exactly those physiological 
mechanisms, naturally designed to remove a gas (carbon dioxide), are 
brought mto play and they may be just as efficient in removing a gas 
such as mtrogen which is necessary for permanent bubble formation 
The relative influence of these two opposing factors— the enlargement 
of gas nuclei by muscle contraction, and the mcreased gas ehmmanon 
due to similar activity-will determine how much and how strenuous 
the exercise can be 

Actually, experience has shown that in man pre-exercise at ground 
lc\el before ascent, even when combmed with oxygen breathmg, is 
not as beneficial as might be expected and little increase of protection 
IS afforded over mhalation of pure oxygen at rest unless the exercise 
ceases some ame before ascent Moreover, the hypen^entilation and 
additional oxygen required to make up the ox>^gen debt imposes an 
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excessive strain on the present oxygen mask and breathing equipment 
In cats presnmulauon with connnued stimulation during ascent and at 
altitude does so increase the circulation and accelerate removal of 
nitrogen that visible bubbles are rarely obsers'^ed in their blood 

In decompression after deep divmg or other work under pressure, 
exercise has been advocated as a ready and efficient means of accelerat- 
ing the removal of mtrogen There are m fact reasons why this increase 
in AP from exercise is much less effective at ground level than at high 
altitude, reasons bound up with the mechanism of bubble formation 
durmg muscle contraction 

Mechanism of Bubble Formation After iMuscle Contraction 

It is obvious that an mcrease in AP, which we have defined as the 
gas tension, t, mmus the hydrostatic pressure, P, may result either from 
an increased gas producuon or a decreased hydrostatic pressure, due 
to stretching of the liquid, i e , to mechamcal tension Both factors are 
mvolved m muscle activity, the excess carbon dioxide and the mecham- 
cal tension of contraction One of these factors, the decreased P, be- 
comes particularly important at altitude because the animal is already 
near the vapor pressure of water (47 mm Hg) and the mechanical 
tension of muscle contraction may expand a gas nucleus to a large 
vapor cavity such as is shown in Figure 4 Dissolved gases would diffuse 
mto this cavity at a rate depending on their relative concentrations 
and diffusion coefficients and the surface area of the cavity The larger 
the vapor cavity, and the longer it persists before collapse, the larger 
will be the resultant bubbles In previously air pressure treated cats at 
one atmosphere, with the same mechamcal tension developed by muscle 
contraction, the decreased pressure may not reach the vapor pressure 
or may be only shghtly below the vapor pressure so that a vapor cavity 
would be small and its persistence short In this case the gas diffusing 
into the cavity xvould be far less, bubbles would be small and take 
more time to reach a visible size In either pressure exposed animals or 
those at altitude, the high concentration of newly formed carbon diox- 
ide from muscle contraction must greatly accelerate the early growth 
of bubbles 

Our conception of the mechanism of bubble formation during 
muscle contraction emphasizes both carbon dioxide concentration and 
mechanical tension, but, if the above reasonmg is correct, the facts 
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point to mechanical tension as the more important of the two factors 
Addiuonal evidence in favor of mechamcal tension comes from two 
types of expenment In one, the legs of cats have been stretched without 
active muscle contracnon and hence without carbon dioxide produc- 
tion, and in a second, lactic acid was mjected so as to increase carbon 
dioxide without the mechamcal tension In a third type of experiment 
the muscles of the legs have been crushed and mjured The crushing 
must Itself exert a mechanical tension on muscle fibers as well as me- 
chanically stimulate them locally, with carbon dioxide production and 
acid of injury Although its bearing on the theory of bubble formation 
during muscle contracuon is not so clear cut, it has turned out to be a 
most effective method of inducing bubble formation These three types 
of experiment may now be considered 

Crushed and Injured Tissues 

The first experiments on mjured tissues were carried out by strik- 
ing the tlugh muscles of the anesthetized cat with a rubber hammer 
so as not to puncture the skm but to bruise and break small vessels, 
causing extravasation of blood m muscle tissue The animals were then 
immediately taken to 45,000 feet altitude and in mne out of ten cats bub- 
bles appeared in the postcava 

The blows nught have resulted in bubble formation by setting up a 
senes of pressure pulses as m the glass tube experiments previously 
described (p 515) Therefore a crushing device was constructed for 
slou’ly squeezing the diigh muscles and actually teanng them, but with- 
out perforation of the skin, which might allow air to enter from out- 
side Again, n^hen the cats so treated were taken to 45,000 feet, either 
immediately or after a wait of 10 mmutes at ground level, the bubble 
fornntion was profuse Bubbles could also be found locally m the m- 
jured region These experiments mdicate that bubbles might readily 
form and pass into the circulation of mjured men at a high alatude 

The crushing procedure is such that very strong stretchmg forces 
are exerted on the muscle fibers, sufficient m some cases to actually 
break them transi^ersely This mechanical pull must play an important 
part m the bubble producnon, for it can be show that mjuty to tissue 
containing no striated muscle is meffectne m forming bubbles, c\'cn 
M hen the \ olume of tissue mjured is greater than m the muscle injury 
experiments Thus, stnppmg the mtestmes, squeezing the kidney to a 



5 30 


THE BELLLTIX 


pulp Within Its capsule, crushing the testes or bruising large areas of the 
skin hat e all failed to result in bubble formation udien the cats were 
obsened at 45,000 feet Acid of injur)’^ and carbon dioxide must be 
formed in these tissues also (although possibly not in such high con- 
centration as m muscle) so that the mechanical tension developed in 
crushing the muscle tissue would appear to be the important factor in 
formation of bubbles during muscle injury'’ 

Passive Movement and Stretching 

Passive movement of a leg can be attained by attaching the foot to 
an eccentric run by a motor, so that the leg is rapidly moved back and 
forth Movement of this sort at an altitude of 45,000 feet does not give 
nse to bubbles Hower^er, if a wire is attached to the ankle of a resting 
anesthetized cat, securely tied to its operating board, and the leg vigor- 
ously stretched at 45,000 feet, bubbles aviU appear, provided the blood 
supply to the leg is cut off by clamping arteries and veins Mbthout 
the vessel clamping, removal of gases by blood flow is sufficiently rapid 
to prevent bubble formation Since the clamping of arteries and veins 
does not give nse to bubble formation without stretching, it appears 
probable that the mechanical tension is the cause of the bubbles 

Lactic Acid Injection 

Any local increase m lactic acid should liberate carbon dioxide from 
blood and imitate the excess carbon dioxide produced on muscle con- 
traction Therefore gas nucleus-free lactic acid was injected into the 
aorta, usually under condinons (clamping of proper vessels) that pre- 
vented Its rapid removal by the circulation but insured its distnbution 
to the hind quarters of the cat These experiments have been carried 
out, both on cats preinously exposed to air pressures of a critical value 
and duration (35 atmospheres for 2 hr ) such that bubbles ordmanly 
appear only a considerable time after decompression, and also in cats 
at an aintude of 45,000 feet 

In the cats exposed to compressed air collateral vessels were not 
clamped The injection was made immediately after decompression and 
no bubbles were obsert^ed In the “altitude” cats, injection was made 
just before a rapid ascent to 45,000 feet In these animals bubbles ap- 
peared m nme out of twenty-one animals whereas in a control series 
injected with gas nucleus-free saline solunon only one out of ten formed 
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bubbles The difference is not significant when analyzed by the 
method of Chi square, but there is perhaps a trend, a tendency for lac- 
tic acid to favor bubbles, but not nearly as significant as the effect of 
muscle contraction itself These experiments, combined with the leg 
stretching expenments, indicate that mechanical tension must be the 
predominant factor in the formation of bubbles 

Composition of Bubbles in Blood 

Analyses of gas bubbles in blood by the ordmary methods mdicate 
a vers'^ high percentage of nitrogen They have been considered mtro- 
gen bubbles for all practical purposes This is what might be expected 
from the tensions of gases at equilibrium in blood However, when gas 
nio\ es into a bubble rapidly, particularly into a rapidly forming vapor 
ca\ it>% the composiuon of the gas left after collapse will depend mostly 
on the concentration of gas dissolved m the surroundmg liquid, 1 e , its 
solubility as at a given tension Highly soluble carbon dioxide must be 
present in excess If the bubbles could be obtained and analyzed while 
ven* small the carbon dioxide content Mmuld undoubtedly be high 
Tins excess carbon dioxide must pass out of the bubble again and the 
final composition depend on gas tension rather than concentration 
Therefore, in the early grounh of a gas nucleus carbon dioxide may 
be \erY important, but for bubble persistence the nitrogen tension, 
represented by a partial gas pressure, is the determming factor 

hen an animal breathes pure oxygen the nitrogen is flushed out 
of tlic body, but the carbon dioxide, which is a body product, remains 
at practically its original level Carbon dioxide is also constant in an 
animal exposed to high air pressure, which dissolves an excess of nitro- 
gen but the increased carbon dioxide pressure in the compressed air is 
small compared to the carbon dioxide produced by the body Oxygen 
IS alw ays so rapidly used by the body that its tension is kept relatively 
low Nitrogen becomes the important gas for permanent bubble for- 
mation and Its remoial essential 

The Effect of Oxygen Breathing 

It IS therefore not surpnsing to find that oxygen breathing for a 
sufficient tmie before ascent \\ ill completely prevent the formation of 
aisible bubbles m the postcava of cats after vigorous stimulation of the 
hind legs The actual nme of oxygen breathing depends on the 
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Strength of contraction With our standard 17-volt, 60-cycle, AC 
stimulus, one hour is sufficient to protect half the cats but one-half 
hour is not nearly enough If the stimulus is reduced to 6 volts, resulting 
in a less vigorous muscle contraction, the cats are fully protected after 
one-half hour of oxygen breathmg 

A weak stimulus will result in the development of a lower tension, 
both locally, due to fewer fibers puUmg together at one spot, and 
generally, due to fewer muscles coming mto play The end result is 
reduced hydrostatic pressure, which does not give a sufficient AP for 
bubble formation at the low mtrogen tension existmg after one-half 
hour of breathmg oxygen The greater number of muscle fibers con- 
tractmg after strong stimulation will produce more carbon dioxide but 
because of the circulatory adjustments bound up with excess carbon 
dioxide production, the concentration of this gas will not rise propor- 
tionally The decreased hydrostatic pressure due to mechamcal tension 
agam appears to be more important than the carbon dioxide After one- 
half to one hour of oxygen breathmg the mtrogen tension m the post- 
caval blood of cats is very low so that only gas m the most maccessible 
and poorly vascularized places can be mvolved m bubble production 

In man also, oxygen breathmg before ascent will completely pre- 
vent the appearance of all symptoms of decompression sickness, and 
offers the most effective prophylactic treatment In man, the amount 
of oxygen breathmg necessary has also been shown to depend on the 
extent of exercise at altitude The actual time of oxygen breathmg to 
prevent bends m man and to prevent bubble formation m the blood of 
cats IS about the same 

Moreover, a comparison of mtrogen ehmmation curves from analy- 
sis of mtrogen tension m veins and artenes of man and cat show a 
surpnsmg similanty m the actual time relations, despite the huge differ- 
ence m volume of man and cat (30 i) In both animals also, the rate 
of mtrogen ehmmation durmg exercise is greatly mcreased The circu- 
latory systems of man and cat appear to be so adapted that m man 
oxygen can be supphed and waste removed m approximately the same 
time as m the cat, despite the difference m volume of tissue to be 
senuced This adaptive relation is probably widespread among mammals 
of different mass and is no doubt connected ^vlth some basic property 
of cells, perhaps the time that certam cells can withstand lack of oxygen 
or the accumulation of mjunous metabolites 
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The Effect of Circulatory and Respiratory Changes 

Wc have already seen that the circulatory and respiratory changes 
of exercise are perfectly adapted for rapid removal of gases but at the 
same ume the muscle contraction of exercise, even at ground level, is 
an effecnve producer of bubbles Some other method of increasing the 
circulation would be desirable to reduce the incidence of bends 
One, the use of drugs has not been thoroughly tested in the cat 
Another, lack of oxygen, cannot be successfully applied to man but 
cxpcnmcntally, in the cat, has turned out to be a fairly efficient method 
of reducing the bubble formation When oxygen is withheld from the 
animals at 45,000 feet for some minutes before stimulation is begun, 
there IS a significant difference in the number of cats m which bubbles 
appear, as compared with a control senes receiving oxygen continu- 
ously The hyperventilation of these anoxemic animals is observed to 
be marked and we may presume that accompanymg the hyperventila- 
tion there is the usual reflex vasodilation designed to supply muscle 
tissue with all the oxygen available At the same time nitrogen is ef- 
fectively removed 

The Site of Bubble Formation 


Tlie wide variety of decompression sickness symptoms has led to 
the view that bubbles may form in almost any part of the body, and 
indeed, after an extreme compressed air treatment, bubbles are found 
in all regions of a cat, including artenes and vems, lymph vessels, eye 
humors and ammoac fluid, although not m the bladder unne They 
arc very abundant in fatty tissue and can be seen in veins draining fat 
deposits 

Wc have not determined whether these bubbles, which are abund- 
ant in the viscera, ever occur 'imthm* the cells of the body but this is 
icr^’^ unlikely All attempts to detect bubble formation within single 
111 mg umn)ured cells (such as Paramecia, Aunoeba, Nitella, sea urchm 
or starfish eggs) have faded In some expenments the cells were satur- 
ated at a nitrogen pressure as high as 2,300 lb /in - and then decom- 
pressed The outer surface of the cells was obsen’^ed to act as a source 
of bubbles, but they never formed xnthm, unless the cell was injured or 
deid It IS therefore doubtful that bubbles form xnthin mammalian cells 


bubble* T\Ttbm fat cclU frtni 
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but they probably appear in intercellular spaces and would be most 
likely to form M^here one surface can be pulled away from another 
In cats at an altitude of 45,000 feet, bubbles, after stimulation, are 
confined to the blood vessels and occasionally appear in lymph vessels 
They are mostly found in veins, probably due to the lower blood 
pressure and greater gas tension (and hence lower AP) as well as direc- 
tion of flow Bubbles have never been observed in eye humors, urine or 
amniotic fluid, nor have they been observed around joints, although 
examination could not be made at altitude At ground level this gas may 
have contracted to so small a volume as to escape detection 

In man numerous X-ray studies made in altitude chambers have dis- 
closed the presence of air masses m jomt cavities, in popliteal fat and in 
the fascia between muscles AH observers agree that air may be present 
in these regions without the pam of bends It has also been observed 
that flmd can be injected into the bursa without givmg rise to discom- 
fort and gas m the bursa itself is not correlated with pain Statistically, 
gas in pophteal fat and muscle fascia appears most likely to cause pain 
and we are led to the view that the undue expansion of gas m critical 
sensitive regions of connective tissue* stimulates sensory endings of 
pam nerves Smce localization of pain is not usually precise, it is fre- 
quently referred to the jomt 

. Another theory of bends pain refers it to the pam of muscle contrac- 
tion m absence of oxygen, described by Sir Thomas Lewis Bubbles 
blockmg the blood flow through muscle (true aeroembolism) would 
prevent access of oxygen and initiate conditions for the pain of anoxic 
contraction However, the above mentioned X-ray photographs do not 
with certainty reveal bubbles caught m blood vessels This fact, together 
vnth the observation that local pressure application or even a blocking 
of the blood flow by tourmquet above the painful region (which may 
also increase pressure by blocking venous return) will relieve bends, 
are both contrary to the intravascular embolism theory They favor 
extravascular gas as the cause of bends pam 

Tension must be involved m gas formauon m joints Even at ground 
level some persons can develop gas m the shoulder joint by a proper 
rotary moaon of the arm that puts strain on the shoulder By a sudden 
pull on the fingers also, gas will appear m the finger joint as demon- 

* Dr A. C Ivj inform*; me that he ha< i number of cases of bends nhcre no pas could be detected 

in the roentgenoprams 



Decompression Sickness and Bubble Formation 


5 3 5 


stratcd by Nordhcim “ At high altitude the formation of gas under such 
condinons aviII be greatly facihtated 

It IS impossible, from examination of the chest by roentgenogram, 
to distinguish excess gas in blood vessels from air in lung alveoli but 
several cases of chokes have shown an enlargement of the right heart 
V Inch could be due to gas blocking the normal blood flow * As show n 
by Vm Allen, Hrdina and Clark--* and confirmed by our work on 
the cat, bubbles do not ordinarily pass the lung capillaries, due to the 
low pulmonary’- blood pressure, although they are able to pass systemic 
capillaries We have frequently obsen^ed the heart of a cat to be dis- 
tended w'lth air from a rather copious bubble formaDon m veins w'hen 
no bubbles could be found in arteries It seems highly probable that 
air collecting in pulmonar)'^ capillaries could give nse to those sensa- 
tions characteristic of the chokes 

Nenmus symptoms are more difficult to analyze They could be 
due to gas blocking capillaries of the central nenmus system or to gas 
in ncn^c sheaths exerting pressure on nen^e trunks do nor knoiv 
Skin effects arc also puzzling Local bubbles in the skin have not been 
demonstrated Frequently the skin rash will be distnbuted in a cutan- 
eous area supplied by one sensor}^- trunk, like the dcmiatone areas of 
herpes poster Possibly skin rashes, as well as the local anesthesias and 
hypercsthesns, arc the result of nen’^e blockage, cither central or peri- 
pheral Some details remain to be filled in but on the \vhole the etiology 
of decompression sickness can best be expressed by one w ord— bubbles 
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THE THERAPY OF LIVER DISEASES* 
Charles L Hoagland 

A««ociHc Tlic RocVcfeUer Initiiute {or Medical Research 


ME CONSIDER thc many clinical syndromes which may 
be accompanied by various degrees of depression of 
hepatic function, it is apparent that the afflictions of the 
liver arc almost as numerous and diverse as its multiple 
funcoons In addition to a vanety of diseases Mfflich 
affect pnmarily die hepatic parenchyma or associated bihary channels, 
there is a large group of metabohe, endoerme, and infectious diseases m 
M Inch thc major symptoms arc referable to other organs, but vdiich are 
often accompanied by marked alteration in hepaac function For- 
tunately, thc regenerative capacity of thc liver is sufficiendy great that 
fcM of thc processes ivhich produce alteration of hepatic function result 
in iiTcicrsiblc pathologic changes in the liver A mere recitation and 
superficial dcscnption of thc diseases ivhich have been shown by clinical 
chemical methods to affect thc Incr adversely M'ould require more time 
than has been made available for this presentanon The discussion will, 
therefore, be limited principally to a consideration of thc most im- 
portant organic non-surgical and non-mahgnant diseases of thc liver, 
Midi particular attention given to current theories of basic therapy 
M Inch may be employed in thc treatment of these disorders Some atten- 
tion Mill be gi\cn at thc same time to those aspects of thc physiology 
and pirhologa* of thc liver m hich proiidc the rationale for current types 
of therapy It should be emphasized at thc outset, ho\vc\er that in 
\ lew of thc extraordmars" speed w ith m hich new information concern- 
ing the metabolic c\cnts occurring m thc lucr is being supplied from 
laboratories dc\oted to basic pin siological research on this organ, any 
plan of therapy presented at this nmc must be modified and kept con- 
stantK in line w ith these ad\ anccs 

A di<^ussion of thc problems posed by the therapy of non-obstruc- 
n\c, non-nnlignant diseases of thc Incr may be preceded by a statement 
concerning thc general problems presented by those diseases w hich nre 
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characterized pathologically by destruction of the hepatic parenchyma 
Actually, until we are better informed concerning the nature of the 
vanous etiological factors at work in hver disease, we accomplish most 
in therapy by devoting our attention chiefly toward those measures 
which hasten repair of the damaged liver, regardless of the nature of the 
agent or process initiating the disorder In obstructive lesions of the 
biliary channels or in affections of the gall bladder, attention is naturally 
focussed on the nature of the inciting agent, often with an eye towards 
Its surgical removal Here, too, oiving to the fact that the parenchyma 
of the liver rarely escapes some degree of associated damage, the alert 
surgeon has come to pay increasing attention to the problem of hepatic 
reserve, and to those factors which accelerate regeneration of liver 
tissue 

The last decade has been particularly fruitful in providing mforma- 
tion on the multiple factors which make for the maintenance of optimal 
hver function and on the agents which stimulate growth and repair of 
the liver parenchyma foUowmg experimental damage to the liver A 
rational plan of therapy for the liver diseases will, therefore, fall short 
of the ideal m so far as it neglects to take mto full account pertinent 
information m the fields of numnon, physiology, and biochemistry, 
vTich has been made available withm the last few years 

Since chronic hver diseases stem from precedmg acute processes 
in the liver, it would seem wise to preface a discussion of the treatment 
of chronic liver disease by a brief account of the medical management 
of acute hepatitis Strictly speaking, the term “hepatitis” is applicable to 
all syndromes which arise as a result of damage to the tissues of the 
liver, whether the provokmg agent be chemical, physical, bactenal or 
viral in nature According to some workers, the term hepatitis should 
also cover not only the degenerative changes which occur in the organ 
as a result of the action of these agents, but the reactive and repara- 
tive phenomena as well ^ As subdivisions under this classification, one 
may place the various forms of hepanos, such as acute, sub-acute, 
chronic and suppuraave A classificaaon has been devised by Bloomfield- 
which depicts the various subdivisions in this scheme in a most graphic 
manner (see accompanying diagram) The classification proposed by 
Bloomfield is particularly useful in enabling the clinician to keep in 
mind the underlying sequence of phenomena in hepaans, and to aid him 
in avoiding confusion from the older terminology In Bloomfield s 
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scheme the vanations which may occur m the course of hepatitis are 
represented by (i) Acute hepatitis progressing rapidly to death In 
older termmology this would be referred to as acute yellow atrophy 
(2) Acute hepatitis with apparent recovery, but with actual transition 
to a latent stage, with or without remissions If clmical recovery does 
not follow, this may develop mto a fibroDc stage, which is commonly 
referred to as curhosis The third, and remaming group is composed of 
those cases m which hepatitis is latent from the start, and is masked 
chmcally until mcipient liver insufficiency supervenes The analogy of 
this classification to that which has been devised for diseases of the 
kidney is immediately apparent It may be recalled m this connection 
that until a coherent and simple classification had been devised for affec- 
tions of the kidney, rational plans for the management of kidney dis- 
orders were largely defeated by a chaos of speculation regarding the 
nature and site of the pathological lesions In the development of effec- 
tive therapy for cardiac diseases, cardiologists have learned long ago to 
keep an attentive eye on the physiological status of the myocardium, 
and to disregard for the immediate purposes of treatment the pnmary 
etiologic factors m these diseases The fiver, like other glandular organs, 
has only a limited number of ways to respond to a large number of 
mjunous agents and phenomena, and there is no vahd reason to assume 
that the resulong pathology, except in a few reasonably clear-cut in- 
stances of liver disease, such as yellow fever, chronic passive congestion, 
etc , bears any distinctive etiologic label There is even less evidence 
that the resultmg type of metabolic disturbance bears any relation to 
the imtial mcitmg process Therapy, therefore, in non-surgical lesions 
of the liver should be concerned mainly with hepatitis, and the type of 
therapy dictated largely by a consideration of the stage of the hepatitis, 
le, whether it be acute, sub-acute, or chronic in its clinical mam- 
festations 

The primary factors of importance in the therapy of hepautis in 
Its acute stages can perhaps best be illustrated by a consideration of the 
disease, infectious hepatitis There have been few wars dunng the past 
century in which infectious hepatitis, or epidemic jaundice, as it is com- 
monly called, has not been responsible for a significant portion of the 
total illness of troops not ansmg directly from injuries sustained as a 
consequence of participation in combat ^ ■* Durmg the present war, epi- 
demic hepatitis has assumed even greater importance, and although the 
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exact number of cases among all the combatant forces of the world has 
not yet been revealed, there is sufficient evidence from published re- 
ports already available to lead us to believe that it is one of the more 
important non-combatant causes of morbidity among troops of all 
branches of the mihtary service ® 

Epidemic jaundice, however, is by no means limited to members of 
the fightmg forces It has been a common disease m sporadic and en- 
demic form among young adults m civilian commumties for many 
decades Boardmg schools, educational mstitutions, orphanages, and 
other eleemosynary mstitutions, have been particularly favored as sites 
for outbreaks of infectious hepatitis, as numerous reports from this 
country and England testify Durmg the wmter of 1921-22, the 
State of New York was visited over a very wide area by so-called m- 
fecuous jaundice, with one report alone recordmg over 700 cases® 

The infective nature of epidermc jaundice has been clearly recog- 
nized for many years Unquestionably the largest experiment of its land 
attestmg to the transmissible nature of infectious hepatitis grew qmte 
accidentally out of an extensive program of immunization of members 
of the armed forces of the Umted States against yellow fever, with a 
vaccine made from chick embryo, to which a quanuty of pooled human 
sera had been added Several recent commumcations deal with trans- 


mission of a disease mdistmgmshable climcally and pathologically from 
infectious hepatitis foUowmg transfusions of blood and plasma, and 
follo\vmg the use of human plasma m an epidemic of mumps “ 

The once famihar syndrome of “catarrhal jaundice” is now regarded 
as identical with acute infectious hepatitis Much of the confusion re- 
gardmg this disease enaty grew out of an uncnacal acceptance of the 
ongmal concept of acute infectious jaundice advanced by Bamberger 
m 1855, and strongly championed by Virchow in the decade thereafter ® 
This theory held that the imaal lesion m catarrhal jaundice was a 
duodenitis, m some mstances characterized by a mucus plug at the am- 


pulla of Vater, followed by a spread of “catarrh” to the bile ducts with 
the subsequent obstruction of the bihary radicles That the disease is 


one involvmg chiefly the parenchyma of the hver there is no longer 
any doubt It would appear that failure on the part of older patholo- 
gists to find primary mvolvement of hepatic cells m this disease was due 
mamly to their havmg been demed an opportunity to examine the liver 


during the acute stages 
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Qualitatively the chnical features of the average case of infectious 
hepatitis are remarkably constant There are, however, marked differ- 
ences in the degree of seventy of symptoms, ranging all the way from 
shght mdisposmon and malaise m some patients to a state of marked 
prostration m the exceptional case, not unhke that seen m acute yellow 
atrophy In the majonty of cases, a prodromal penod lasting from i to 
9 days precedes the appearance of jaundice Occasionally it is longer, 
and in rare cases the prodromal penod may occupy a period of zo-z^ 
days About 10 per cent of cases give jaundice as the presentmg symp- 
tom with no other preceding chnical signs In most cases, however, there 
IS a well-defined prodromal stage characterized by lassitude and fangue, 
nausea and almost complete anorexia Frequently there are complamts 
of epigastnc pain, but only rarely of pam m the upper nght quadrant 
Liver enlargement is present at some stage of the disease m nearly all 
cases shmvmg moderate to severe icterus The appearance of bile m the 
urme is observed by the patient m nearly every instance withm a penod 
of one to three days before the appearance of jaundice m the sclerae 
Less frequently the patient will also have noted hght or clay-colored 
stools dunng this penod Frank recrudescence of the disease, a state 
recognized by detenoration of the patient’s condition dunng recovery, 
and leadmg to a return of climcai symptoms, may occur m the excep- 
tional case 

A study of the metabolism and hver function m infectious hepatitis 
reveals extraordinary aberrations m almost all biochemical and physio- 
logical ^sterns for which there are adequate tests Except in the infre- 
quent case presentmg signs of chrome hver disease, all abnormal values 
for the vanous constituents of the blood and unne in panents with 
mfecGous hepatitis return to a normal range within 30 to 40 days 
Numerous tests, covenng a wide and diverse range of hver functions, 
have been apphed to a study of this disease by many investigators A 
consideration of the results obtamed by vanous workers reveals a sur- 
prising correlation m the degrees of alteration shown by the vanous 
tests at any time dunng the course of the disease m any given case In 
a consideration of the average case, it is hard to escape the conviction 
that the prmcipal damage to the hver consequent to this disease occurs 
early, and that dunng the major part of the patient’s illness we are 
observing only a sequence of phenomena havmg to do with regenera- 
tion of the hver parenchyma 
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Therapy of Infectious Hepatitis 

Except m the occasional case, when the disease becomes chronic, or 
in the rare case which terminates fatally, infectious hepatitis is a self- 
limited disease Spontaneous recovery, in so far as it can be detected by 
clmical or laboratory means, occurs m the majority of cases within 30 
to 40 days after the onset of imtial symptoms Until more specific 
information is at hand concerning the infecnous nature of this disease, 
we are forced to limit our attempts at therapy to those measures which 
are believed to hasten repair of the damaged hver Lack of specific in- 
formation concemmg a rational therapy for infectious hepatitis, how- 
ever, has not prevented the development of very fixed notions regarding 
therapeutic regimes, and the literature, including textbooks devoted to 
treatment, abound with specific guides often diametrically opposed in 
substance and character for the management of the acutely damaged 
hver According to some schools of thought, all forms of fat are to be 
avoided At the same time, a diet high m protein is strongly recom- 
mended The dietitian who is able to plan a diet high in biologically 
active protem without at the same time mcludmg a hberal quantity of 
fat deserves more commendation for her ingenuity than for her con- 
sideration of the patient’s appetite Until adequate experimental evidence 
can be adduced showmg that diets which contam a moderate amount 
of fat are injunous to patients with acute non-obstructive disease of the 
liver. It seems unwise to prescribe diets which provide as httle as 25 
grams of fat daily Anorexia is often a troublesome factor in the man- 
agement of the patient in the acute stages of infectious hepatitis Diets 
which are largely free of fat contribute further to the anorexia, since 
they are particularly unappetizmg They are also low in calones and in 
fat-soluble vitamms in relation to their bulk The dictum against the 
inclusion of fats in the diets of patients with infectious jaundice doubt- 
less arose from a mistaken concept of the pathology in this disease While 
obstruction of the finer bihary radicles may occur, the disease is one 
vTich affects primarily the hepatic parenchyma and not the major bile 
passages, as claimed by Virchow Evidence that a diet high in fat may 
not be desirable in the management of the damaged liver is based on 
results with experimental ammals m which it is claimed that liver re- 
generation and sunuval of the ammals is hindered by the inclusion of 
large quantities of fat in the diet There is no good evidence, how- 
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ever, that inclusion of moderate amounts of fat is harmful if an adequate 
intake of protem and carbohydrate are provided at the same tune 

That a diet high in protem is optimum for hastenmg repair of the 
liver IS not umversally admitted There are reports, notably those of 
Mann and collaborators^® m which it is claimed that m the dog, hver 
regeneration is delayed by the administration of a diet high m protem 
Recent experiments of Whipple and collaborators,^'^ however, m experi- 
ments on the regeneration of the hver after damage from chloroform, 
appear to have laid the ghost of diets low m protem, in the treatment of 
liver disease All workers seem to agree on the value of a diet high in 
carbohydrate Not only are diets high in carbohydrate mdicated on the 
basis of the protective value of such diets agamst hver mtoxication, but 
on a physiological basis as well Widespread damage to the parenchyma 
of the hver may be accompamed by hypoglycemia, owmg to low gly- 
cogen reserve In these cases a high mtake m carbohydrate may be 
necessary m order to mamtain an adequate level of circulatmg glucose 

Much has been written lately concemmg the use of the sulfur ammo 
acids, notably methiomne, in the treatment of hver damage due to 
widely different causes The mode of action of methionme, as well as 
of other sulfur contaimng ammo acids m providing protection agamst 
damage of the hver is not clear, although vanous hypotheses have been 
offered These hypotheses vary all the way from the idea that the 
ammo acids provide a source of readily available sulfur for direct com- 
bination with the noxious agent, to an mdirect effect achieved through 
the lipotropic activity of the ammo acid In one laboratory it has been 
claimed that the protective effect of a diet high in protem agamst damage 
to the liver by chloroform can be attnbuted largely, if not wholly, to 
the methiomne contamed in the protem making up the diet Several 
reports on the use of methiomne in the treatment of mfectious hepatitis 
have recently appeared The results of these expenments may be 
summarized by saymg that m no mstance were the results conclusive A 
final statement on the worth of methiomne m the treatment of acute 
hepatitis must wait, therefore, the appearance of further reports on the 
use of this type of therapy 

Paneuts presentmg symptoms of severe mfectious hepatitis may pose 
special problems vnth respect to the mamtenance of nutnoon The pa- 
tient may show a complete dismclmation to eat for a period of several 
davs Anorexia, combined vnth an extraordinary tendency to lose weight 
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m the disease, may make the mamtenance of a posmve mtrogen balance 
difficult Although the plasma protein concentration may show only 
shght alteration, there is good reason to assume that m the absence of an 
adequate protem mtake a significant depletion in the stores of tissue 
protem may develop In some cases a fall in serum albumin may be 
masked by an accompanymg nse m serum globulin, so that the total 
serum protein concentration may appear unchanged Moreover, a de- 
crease m plasma protein is often accompanied by hemo-concentration, 
so that hypoprotememia may not be perceptible unless determinations 
of the plasma volume are made at the same time In order to provide 
adequate protem nutrition m the exceptional patient with infectious 
hepatitis who is unwilhng to eat, the parenteral administration of a mix- 
ture of ammo acids, such as that m a reinforced casern hydrolysate, may 
offer a practical solution to this difficulty Several brands of casein hy- 
drolysate are available at present for this purpose by means of which 
the entire protem requirement of a patient can be met for many days if 
the climcal state of the paaent makes such parenteral administration 
imperative Ammo acid therapy to be of maximum effectiveness, must 
be supplemented with sufficient carbohydrate and fat to meet the caloric 
needs of the patient Carbohydrate and ammo acids may be given intra- 
venously as a mixture Unfortunately, the use of fat parenterally has not 
yet been achieved practically, so that only the oral route is available at 
present for its administration. Parenteral supplements of vitamins are 
available if desired Except m the occasional case, however, when 
anorexia may provide a special need for vitamm supplements, a diet high 
m protem and carbohydrate with moderate fat meets readily the daily 
requirements of mmerals and vitamins 

Bed rest, or at least limited activity, appears to be of paramount 
importance m the treatment of panents with infectious hepatitis Re- 
tarded convalescence, or even recrudescence of the disease may occur 
followmg undue physical stram or exercise Marked physical exertion, 
exposure to mclement weather, and convalescence from other diseases 
have long been associated with an mcreased susceptibility to mfecaous 
pundice In this connection it may be recalled that m expenmental 
transmission of infectious hepatitis to volunteers by means of filtrates of 
plasma from pauents with the disease, physical stram incident to march- 
mg and manoeuvenng was required m some cases to precipitate an 
attack 
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The per cent of patients with infectious hepatitis who may be ex-' 
pected to develop signs of chrome hver disease is not known witb 
certainty at the present time In most groups the reported incidence has 
been low However, objective critena for residual damage were not 
met in many cases, or patients followed for long enough periods of time 
to have warranted the judgment that they had fully recovered Estab- 
lishment of adequate cnteria to answer the question of whether or not 
residual damage to the liver has occurred following an attack of infec- 
tious jaundice is one of the many important problems which will tax 
the mgenmty of the post-war worker m the field of hver disease Cer- 
tainly a small number of patients may be expected to develop signs of 
chrome hver disease followmg an unusually severe or prolonged attack 
of acute infectious hepatitis The syndrome seen in these cases is one 
characterized by mild jaundice and fixation of vanous hepatic functions 
at aberrant levels The patient may recover in time or the disease may 
progress slowly and msidiously mto a syndrome not unlike that of hy- 
pertrophic bihary cirrhosis, with or without ascites In the treatment of 
these exceptional cases, chose measures which have been found useful 
m the management of cirrhosis of the hver should be mstituted 

Chronic Disease of the Liver 

A syndrome consistmg of a hard, stony hver with ascites, was known 
to Erasistratus, of Alexandna, nearly three hundred years before Christ 
The disease was desenbed later by Morgagm, Bailhe and others in com- 
mumcations which have subsequently become medical classics The term 
“cirrhosis” was apphed to the syndrome by Laennec because the nodules 
projecting on the outer surface of the hver were “fawn or yeUowish 
russet” in color Many forms and varieties of cirrhosis have been de- 
scribed, but from the standpomt of supplymg a basis for therapy there 
IS little to be gamed m a recital of the essential pathological characteris- 
tics of the lesions of cirrhosis. All forms, however, may be said to have 
m common three attnbutes, namely (i) proliferation of connective 
tissue, (2) degeneration and death of hepaac cells, and (3) areas of 
regeneration of hepatic parenchyma 22 There is eventually, m all long- 
standmg affecnons, proliferaaon of connective tissue in the portal spaces 
with grovnh and extension of fibrous connective tissue mto the whole 
hepatic lobule The final stages of cirrhosis axe accompamed by fusion 
ot the pen-lobular connective tissue around the hepatic lobules with 
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subsequent deformauon of the whole architectural pattern of the liver 

The pathogenesis of classical cirrhosis is obscure, and must remain 
so until more information is at hand concerning the development of the 
disease in its early stages and, perhaps, until it is possible to produce in 
animals a disease that is indistinguishable chnically and pathologically 
from cirrhosis in human subjects It is an over-simphfication of the facts 
to suppose that this has been done, although recent attempts with ex- 
perimental dietary deficiencies have yielded results that permit us to 
hope that it may eventually be accomphshed Most students of the 
pathogenesis of classical cirrhosis agree that it is essentially a chronic 
diffuse mflammatory process which is initiated by an obscure type of 
injury, followed by proliferation of connective tissue m and about for- 
mer sites of degeneration and necrosis 

For many years it has been the custom to regard fatty cirrhosis as 
a form of Laennec’s cirrhosis Indeed, Connor^^ has expressed the opin- 
ion that Laennec’s cirrhosis is the ultimate outcome of a process of fatty 
infiltration He has, moreover, described the various stages m which 
the syndrome described by Laennec is reached as (i) an acute fatty 
liver, attributable to alcohol in the main, changing slowly to a stage (2) 
of early but definite fibrosis, and finally (3) progressing to a classic 
nodular cirrhosis vath reduction in size of the organ Recent experi- 
mental observations concerning the production of fatty infiltration of 
the liver with diets deficient in methionine and cholme, and with rapid 
amehoration of the condition when the deficient agent is again supplied, 
make it appear that certain types of fatty cirrhosis belong in a separate 
category 

Therapy in Cirrhosis of the Lr\T;R 

Chronic liver disease, with insufficiency, has posed and continues to 
present, one of the most complex problems of therapy which the physi- 
cian encounters Innumerable therapeutic measures have been devised 
withm the past century in an attempt to cope with the problem of 
hepatic insufficiency, and with little success Old remedies mcluded po- 
tassium iodide, calomel, and a variety of sahne purges such as vichy 
M'^ater and magnesium sulfate Bile salts and other measures calculated 
to stimulate secretion of bde were employed with indifferent success 
For a ame it appeared that much nught be accomplished through the 
use of diuretics such as acid forming salts and organic mercurials Both 
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surgery and medicine provided new techmques for the treatment of 
cirrhosis On the assumption that toxic agents were earned to the hver 
by the blood, vanous operations were devised by which attempts were 
made to shunt the blood carried by the portal vem mto the general 
curculanon The operaaon of Talma, m which collateral circulaaon was 
achieved by sutunng the pentoneal surface of the hver to the panetal 
pentoneum, had, and continues to have its advocates among members 
of the medical profession Diverse as were these procedures, they had 
one thing in common, in that they were devised to reheve the chief 
comphcation of cirrhosis of the hver, ascites The disease was regarded 
as fatal from the outset, and no hope was expressed that anything could 
be achieved other than securmg greater comfort for the panent, and 
perhaps postponing exitus for a short time From the time of the ancient 
physicians, medical wnters have given cirrhosis of the hver a umversally 
fatal prognosis, and nothmg that has been achieved subsequently m the 
modem management of these patients has done much to alter this fatalis- 
tic concept 

Alcohol has always held a promment place in the list of etiological 
factors proposed for cirrhosis of the liver, and as such has been particu- 
larly eschewed by the physician in plannmg a therapeutic regimen for 
his patients The role of alcohol m the production of cirrhosis of the 
hver is still anythmg but clear It would seem, however, that if alcohol 
IS an important etiological factor m the production of the disease, that 
It IS not due to its inherent toxicity for the hver, but rather to the factor 
of an associated disturbance in nutntion which is often an mtegral part 
of the syndrome of chrome alcohohsm 


Attention was first directed to the role of faulty nutrition m the 
production of human cirrhosis of the liver by the studies of Rao, who 
in 1933 showed that a high mcidence of this disease occurred among 
members of the population of Southern India, where alcohohsm is all 
but unknown In these areas numtional deficiencies m protem, fat 
and vitamins, especially m vitamms A, C, and D, have occurred among 
members of the populanon for many years In 1934, surveys made in 
Syna, where the incidence of cu-rhosis is as high as it is m any part of 
the world, and where chrome alcohohsm does not exist, showed that 
the diets of most members of the congested population were extremely 
low m protein In Italy, in those regions where pellagra is endemic, the 
incidence of cirrhosis has always been high, as it has been in the southern 
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part of the United States, where pellagra has been a national problem 
since 1905 These facts, together ivith a growing awareness in this coun- 
try of the relation betwen chronic alcoholism and vitarmn deficiencies, 
have sen'^ed to focus our attention on a possible nutntionai basis for 
hepaoc cirrhosis This realization, together with a rapidly growing 
background in the production of experimental chrome hver disease in 
animals on diets low m protective substances has completely reoriented 
our therapeutic approach to the management of this distressing disease 
within the past several years 

Until the turn of the century, the diets presenbed by most physi- 
cians for patients with curhosis of the hver were generally low m all 
constituents Carbohydrates were avoided because it was felt that ex- 
cessive mtestinai fermentation might arise, and prejudice the patient’s 
chmeal condition Moreover, diets high m carbohydrate gave rise to 
diarrhea m many paaents with chrome hver disease, thus providmg an- 
other troublesome comphcation Protem was avoided because it was 
beheved that a damaged hver should not be further embarrassed by 
givmg It protem to metabolize Fat, too, was avoided on the basis that 
it would “stir up the bile” and add an additional load to the hver thereby 
It IS mterestmg m this connection to pomt out a rather glarmg incon- 
sistency, in that magnesium sulfate was prescribed at the same time in 
order to promote bihaiy secretion and dramage of the hver Rationale 
for these various dietary restrictions were based on the knowledge of 
the central role of the hver m the breakdown of the constituents of 
food, and the belief that the hver should be “sphnted” as it were, for 
the duration of the disease 

Around 1920 expenments were performed winch showed that diets 
high m carbohydrate afforded a measurable degree of protection against 
mtoxication with certam hepatoxic agents, such as chloroform, phos- 
phorus, etc These observations ushered in the first really important 
change m the treatment of chrome hver disease from that which had 
been in vogue for many decades The results achieved by Mann, who 
claimed that hver regeneration was depressed m dogs by diets high m 
protem, appeared for a time to call for diets low m protem, but sufficient 
carbohydrate was permitted to provide for a normal or even high total 
calonc mtake 

Rationale for the administration of diets high m protem has been 
supplied from several fields of investigation The importance of protem 
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in protecting the hver from damage was shown by Goldschmidt and 
his CO- workers^® in 1939 as a result of their dietary studies on rats, when 
It was concluded that a diet high m protem given before the production 
of prolonged chloroform anesthesia, reduced the mcidence of hepatic 
cellular necrosis Whipple and his associates^® confirmed this work, and 
concluded, moreover, that the effects of a diet high in protem, m pro- 
tecting the hver from chloroform damage, could be duphcated by the 
addition of methiomne, and to a lesser extent of cystine, to a diet low 
m protem Sebrell and associates^® also demonstrated that m rats with 
cirrhosis of the hver produced by a diet low m chohne and protem, 
improvement m the gross appearance of the hver, with hyperplastic 
regeneration of hver cells, occurred foUowmg treatment with cholme 
and casern 

The rationale for a diet low m fat m the treatment of chrome hver 
disease stems from many sources, some vahd, and some highly question- 
able Obviously m the presence of obstructive lesions of the hver, the 
mclusion of a diet high m fat would be unwise, smee under these condi- 
tions fats are not effectively digested Also, it is known that certam 
hpotropic agents, such as chohne and methiomne, are effective m afford- 
mg protection agamst certam types of experimental damage to the hver 
only if the diet is reasonably low m fat There is some doubt, however, 
that the rational treatment of chrome diseases of the hver necessarily 
caUs for a diet which is extremely low m fat In the first place, it i 
impracticable to give a diet high m protem which at the same time con- 
tains httle fat Moreover, fats are nch sources of vitamins A, D, and E, 
and certam essential unsaturated fatty acids Agam, while it is stated that 
iets high m fat are displeasmg to the average patient with hver disease, 
diets which are extremely low m fat are equally unpalatable and un- 
appenzmg FmalJy, there is httle evidence that diets with a moderate 
content of fat are prejudicial to patients v,nth chrome hver disease 

Patek and his co-workers®® were among the first to conclude that 
patients with alcohohe cirrhosis are benefited by supplements of the 
wtai^ It may be questioned, however, whether we should fasten the 
abel of deficiency disease on the syndrome of cirrhosis of the hver 
Ce^inly it cannot be regarded as an example of the classic types of 
eficiency diseases, such as ben-ben, scurvy, or peUagra There is some 
reason, however, to regard cirrhosis of the hver as an intrinsic deficiency 
isease, m which faulty metabolism of certam essential components of 
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the diet may give nse to a syndrome which resembles deficiency diseases 
in some of its outward aspects, but which unlike the ordinary deficiency 
diseases does not respond in any stnking or specific manner to one or 
a combination of vitamms 

The assumption that faulty metabohsm of vitamins of the B-coniplc\ 
occurs in severe hepatic insufficiency is based thus far largely on specu- 
lation and analogy, smce no convmcing laboratory demonstration of 
this phenomenon has yet been made Evidence that faulty metabolism 
of vitamm A occurs m patients with chrome disease of the liver is more 
convmcmg Nmety-five per cent of the stores of vitamm A are m the 
hver, and analyses on cirrhotic hvers for vitamm A levels reveal m many 
mstances a concentration of less than lo per cent of the normal amount 
Patek and others^^ have shown that defects m dark adaptaaon may 
occur m patients with chrome liver disease of long standmg Night 
blmdness and disturbances m dark adaptation m patients with hepatic 
insufficiency, however, are not greatly improved by the administration 
of vitamm A alone Doses of vitamm A which are completely effective 
m the treatment of nyctalopia m patients with normal liver function are 
almost completely ineffective in relieving night blindness of patients 
with cirrhosis of the hver Beta-carotene, which is eflFecove m uncom- 
plicated nyctalopia, is also meffective m the treatment of mght blmdness 
m patients with chrome disease of the liver Smce the liver is regarded 
as the only important site for the conversion of carotene to vitamm A, 
a part of the deficiency may arise as a result of the failure of the 
diseased hver to effect this conversion Evidence of vitamm K deficiency 
in chronic hver disease is also excellent This deficiency anses perhaps 
m part as a result of lowered absorption of vitamm K due to altered 
metabohsm of the bile pigments, but chiefly it vmuld seem, because of 
the faulty utihzation of the vitamm by the hver Only when consider- 
able hver function remains m chrome disease of the hver is vitamin K 
effective m enhancing the prothrombin value Patients vuth long-stand- 
ing cirrhosis of the hver may develop a syndrome characterized by 
osteoporosis and osteomalacia Here, too, although the clinical s)’-mpto- 
matology is strongly remimscent of chronic vitamm D deficiency, the 
s\Tidrome is neither prevented nor cured by the admimstrauon of vita- 
min D 

Evidence, therefore, is good that faulty metabolism of the fat soluble 
vitamms may occur as a result of chronic damage to the liver One is 
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tempted to speculate on the possibihty that mterference with the metab- 
ohsm of the u^ater-soluble group of ntamms also occurs in severe hepatic 
msufficiency, although more evidence is needed to provide proof that 
this phenomenon occurs Although the assumption continues to be made 
on clmical grounds, no evidence as clear cut as that for the aberrant 
metabolism of the fat soluble vitamms exists for faulty metabolism of the 
vitamins of the B group in cirrhosis of the hver That deficiency in the 
case of vitamins A, D and K is essentially mtnnsic, m contradistmcaon 
to the classical type of deficiency ansmg from lowered mtake of these 
substances, is revealed m the failure to achieve satisfactory reversal of 
the syndrome by providmg an ample supply of vitamms A, D or K, 
either by oral or parenteral route 

In connection with the idea that in chrome hver disease there is 
faulty metabolism or acavanon of the vitamms, it is temptmg to regard 
other metabolic aberrations m chrome hver disease as bemg due to the 
failure of the hver to achieve synthesis of specific catalytic protems, 
such as the enzymes, m sufficient quantities to meet the demands of 
normal metabolism Fibrmogen, prothrombm and albumm are examples 
of three protems which have their site of synthesis m the hver, and the 
synthesis of which is materially depressed m chrome hepanc insuffi- 
ciency There are probably many more examples of essential protems of 
which the rate of synthesis is lowered m chrome hver disease, but we 
lack adequate techmques for their demonstration 

Most specific catalytic substances, orgamc as well as mmeral, appear 
to require special protein vehicles for proper mtermediation of then- 
functions It IS possible, therefore, that the type of deficiency which we 
have labelled mtrinsic, for want of a better term, may anse not as a 
result of lou'-ered mtake of the prosthetic catalyst, but through a de- 
pression m the rate of sjmthesis of the specific protem earner needed 
to render the catalyst effective metabohcally The thiammo-proteins, 
and the protems required as vehicles for the flavin and pyndme com- 
pounds might sen^e as examples, a deficiency m the sjmthesis of vffiich 
would result conceivably m the production of s)'^mptoms not unlike 
those obsen ed m thiamm, riboflavin and mcotmic acid deficiencies, 
respective!}'' 

Optinusm wnth respect to therapy of advanced cirrhosis of the hver 
IS nearly ahvays met ivith the statement that since much of the defect 
m cirrhosis appears to be a mechamcal one brought about by fibrosis 


552 


THE BULLETIN 


and atrophy of the hver, attempts to reverse the pathologic process are 
hopeless from the outset Vanous explanations have been offered, for 
example, for the ascites which occurs in the chronic stages of disease 
of the hver, particularly of the Laennec type The most common ex- 
planation for this phenomenon has been that of portal hypertension and 
consequent resistance to the flow of blood from the portal system 
through the hver It is true that a portal hypertension may exist m many 
of these cases It has been observed, however, that there are many m- 
stances when portal hypertension is marked m the absence of asates 
In other cases ascites has been recorded in the presence of a normal or 
only shghtly elevated pressure in the portal system Patek and Posff* 
concluded that the ascites is related more directly to a deficit in plasma 
albumm, with consequent dimmution m the colloid osmotic pressure 
of the blood They have, moreover, concluded that when the concentra- 
tion of albumm reaches 3 2 grams per 100 cc of plasma, ascites dis- 
appears rapidly, although no demonstrable change has occurred m the 
meantime m the portal pressure Ralh, Hoagland and collaborators®^ have 
shown, however, that m cases which have been treated with a regimen 
of combmed therapy, consistmg of a diet high m protem and carbohy- 
drate and the administration mtravenously of large quantities of crude 
hver extract, ascites may disappear and the patient show marked climcal 
improvement for months before any demonstrable change has occurred 
m the level of plasma albumm These observations suggest that the level 
of albumm m the plasma is not the sole determmmg factor m the pro- 
duction of ascites In 1940 Robmson and Farr®® reported the presence 
of an anodiuretic factor m the urme of patients with nephrosis and 
premenstrual edema On the premise that a similar substance might be 
present m the urme of patients with cirrhosis and asates, the antidiuretic 
effect of ahquots of dialyzed urme from the patients was studied by 
Ralh et al Normal urme has only shght antidiuretic activity The unne 
of patients with cirrhosis of the hver and ascites was found to possess a 
marked anodiuretic effect when mjected mto hydrated rats However, 
there was httle or no mcrease of anodiureoc substance over the normal 
m the urme of paoents with curhosis without ascites Moreover, the 
magmtude of the effect seemed to parallel the degree of ascites 

The anodiureoc substance excreted m the urme by paoents with 
currhosis of the hver and ascites has its ongm presumably from the 
posterior pituitary, although that this is actually the case cannot be 
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stated at this time That aberrant metabohsm of other hormones may 
occur in cirrhosis of the hver is becommg mcreasmgly certam It is also 
evident that aberrant metabohsm of some hormones in chronic hver 
disease may arise through the inabihty of the diseased hver to accom- 
phsh theu: macnvation or alteraaon Certain changes associated with 
gynecomastia, and tesncular atrophy in the male, m cirrhosis of the 
hver, are thought to anse as a result of the mability of the diseased hver 
to accomplish the inactivation of estrogen Free circulating estrogen 
is known to be high m cirrhosis, and it may well be that certain further 
changes having to do with aberrant water and electrolyte metabohsm m 
patients with chronic disease of the hver may be attributed in part to a 
disturbed balance between the concentration of male and female hor- 
mones arising as a result of the inabihty of the hver to accomphsh theur 
proper metabohsm 

It would seem that many clmicians do not think that patients with 
active liver disease should necessanly be restricted m their physical 
activity Most physicians ivould not dream of permitting unrestricted 
activity m patients suffenng from impaired function of a comparable 
degree in other organs, such as the lungs or heart Rest and freedom 
from undue physical activity is accepted as correct management m 
patients presentmg signs of cardiac and renal insufficiency Yet many 
practitioners fail to treat acute or chrome hepatitis, m which extensive 
damage to the hver is evident, with equal consideration That rest or 
restnction of acavity at once reduces the funcuonal demands on the 
hver IS evident from a consideration of elementary principles of physi- 
ology iVIoreover, it permits careful control of the diet and medication 
to a degree not possible in the ambulant patient 

Aside from general measures directed toward rehef of hypoprotein- 
cmia and anemia by transfusion of blood and plasma, certam specific 
measures directed toward rehef of possible intrmsic deficiencies have 
been advocated from time to time For example, marked symptomaac 
improvement often occurs m patients with chronic hver disease when 
an unrefined, water soluble extract of hver is administered parenterally 
or some time we have been engaged cooperatively with Elaine P Ralh 
of the Thud Medical Division, BeUevue Hospital, m aymg to evaluate 
objectively the effect of hver extract, given mtravenously, as a form 
of replacement therapy m hepanc msufficiency For this purpose a 
crude M ater soluble extract of Cohn’s hver fraction G has been prepared 
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Uiitimi, 

tESION 



Vanations in the course of hepatitis J, Acute hepatitis pro- 
gressing rapidly to death, acute hepatitis with reco\ery, 
S, acute hepatibs with apparent recovery but actually transition 
to latent stage which with or without reniissions eventuates in ad- 
vanced cirrhosis, hepatitis latent from the start until ad\nnced 
hver insufficiency supervenes (Bloomfield, courtesv of Am J 
Med Sci ) 


at the Rockefeller Hospital which can be given with comparative safety 
m large quantities by the mtravenous route, provided careful tests for 
tolerance and sensitivity are earned out beforehand By use of the 
mtravenous route large amounts of liver extract can be given without 
the marked discomfort attendant on the contmued use of potent crude 
extracts of liver designed for mtramuscuJar use While preliminary re- 
sults have been encouragmg, it is much too early to claim any extraor- 
dinary ment for this form of therapy In any case, it can be used 
successfully only m conjunction xvith a full regimen of therapy which 
includes diet, rest, and numerous supportive measures indispensable to 
proper management of patients xvith chrome hver disease 

In the foregomg rexaew, an effort has been made to shoxv the in- 
fluence xvhich recent mformauon m the field of metabolism and nutn- 
uon has had on the development of our present concept of raaonal 
treatment for hepanc insufficiency Although xve are yet far from the 
ultimate goal of satisfactory therapy for the hepatic diseases, some 
definite progress has been made, and the hope is very bnght that as more 
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information is secured concernmg the metabolic processes at work m 
the normal and diseased liver, increasing success m the therapy and 
management of these distressing disorders will be achieved 


RnPERENCTS 


1 Miller, r G nncl Mnchell, 1 E Dis- 
eases of the Iner, m Nehon new looie- 
Icaf medicine, Ne^v V ork, T Nelson 
Sons, 1910, V 5, pp ‘171-626 

2 Blormfielcl, A L The natural lllstor^ 
of chronic hepatitis (cirrhosis of the 
liicr). Am J M Sci , 1938, 195 -129 

3 Blunicr, G Infectious jaundice in the 
United States, J A , 1923, 81 353 

1 Findlaj, G M Infectiie hcpatibs and 
catarrhal laundice, J Roy Army M 
Corpi, 1940, 74 72 

6 Epidemic hepatitis, or catarrhal jaun- 
dice, Editorial, J A , 1943, 123 636 

6 Hiscock, I V and Rogers, O F , Jr 
Outbreak of epidemic laundice among 
college students, JAMA, 1922, 78 488 

7 Ford, J C Infective hepatitis, 800 
cases in an outer London borough. 
Lancet, 1943, 1 676 

8 Cullman, E R The epidemiologv of 
lanndice, Proc Roy Soc Med, 1938 
39, 32 933 

■9 illiams, H Epidemic jaundice In 
New York State 1921-22, JAMA, 
1923, SO 532 

10 Findlav, G M and Martin, N H 
laundice following vellow -fever inimu- 
niralion, transmission bv intranasal in- 
stillation, Lancet, 1943, 1 678 

11 tlncCallum, F O Discussion on infec- 
tive hepatitis, homologous serum hepa- 
titis, and arsenotlierapv jaundice. 
1 ransniission experiments in animals 
and Ilian with material from infective 
hcpatibs and homologus serum laundice 
(a review), Proc Roy Soc Med, 1944, 
S7 449 

12 Beeson, P B, Chesnev, G and Mc- 
Farlan, A M Hepatitis following in- 
icction of mumps convalescent plasma, 
J^neef, 1944, 1 814 

I ) Roholm, K and iversen, P Cliangcs in 
the liver in acute epidemic hepatitis 
(cntarrlial jaundice) based on 38 as- 
piration biopsies, Acta path et mtcro~ 


hiol Scandinav , 1939, 16 427 

14 Messinger, W J and Hawkins, W B 
Arspbenamine bver injurv modified bj 
tbet Protein and carbohjdrate protec- 
tive, but fat miunous. Am J M Sc , 
1940, 199-216 

15 Gjorg}’, P and Goldblatt, H Observa- 
tions on the conditions of dietary he- 
pabc jn)ury (necrosis, cirrhosis) in 
rats, J Exper Med , 1942, 75 855 

16 Mann, F C and Bollman, J L The 
architectural pattern of the liver in 
experimentally produced cirrhosis, Tr 
A Am Physicians, 1938, BS 146 

17 Miller, L L and Whipple, G H 
Chloroform liver injurv increases ns 
protein stores decrease. Am J M Sc, 
1940, 799 204 

18 Miller, L L , Ross, J F and Whipple, 
G H Methionine and cystine, specific 
protein factors preventing chloroform 
liver iniury in protem-depleted dogs. 
Am J M Sc, 1940, 200 739 

19 Beatbe, J and Marshall, J Methionine 
in the treatment of liver damage, Na- 
ture, 1944, 153 525 

20 Peters, R A , Thompson, R H S , King, 
A J , Williams, D I and Nicol, C S 
Sulphur-containing amino-ncids and 
jaundice. Nature, 1944, IBS 778 

21 Cameron, JDS Infective hepatitis. 
Quart J Med, 1943, 12 139 

22 Karsner, H T Morphologv and patho- 
genesis of hepatic cirrhosis. Am J 
Clin Path , 1943, 13 569 

23 Connor, C L The etiologj and patho- 
genesis of alcoholic cirrhosis of the 
liver, JAMA, 1939, 112 •387 

24 Connor, C L Fattv infiltration of the 
liver and the development of cirrhosis 
in diabetes and chronic alcoholism. 
Am J Path , 1938, 14 347 

25 Rao, M V R An invesbgation into 
“decompensated portal cirrhosis,” In- 
dian J M Research, 1933, 21 389 

26 Ratnoff, 0 D and Patek, A T, Jr 



55 ^ 


THE BULLETIN 


The natural history of Laennec’s cirr- 
hosis of the lirer, Medicine, 194'2, 21 
207 

27 Hoagland, C L, and Dietnck, J E in 
Conference on therap} , the modem 
treatment of cirrhosis of the liver and 
hepatic insufficiencj , Nexo York State J 
Med, 1943, 4S 1041 

28 Goldschmidt, S, Vars, H M and Ra\- 
din, I S The influence of foodstuffs 
upon the susceptibility of the liver to 
injury by chloroform, and the probable 
mechanism of their action, J Chn In 
vesUgation, 1939, JfS'277 

29 Lowry, J V, Daft, F S, Sebrell, 
W H , Ashbum, L L and LiUie, R D 
Treatment of dietary liver arrhosis in 
rats with cholme and casern, Pnb 
Health Rep, 1941, 66-2216 

30 Patek, A J , Jr and Post, J Treat- 
ment of cirrhosis of the liver by a 
nutritious diet and supplements rich in 
vitamin B complex, J Cltn Inmsttga- 
tton, 1941, SO 481 

81 Patek, A J, Jr and Haig, C The 
occurrence of abnormal dark adapta- 
tion and its relation to vitamin A me- 


tabolism in patients with cirriiosis of 
the liver, J Chn Jmeitiijation, 193D, 
18 609 

82 Lichtman, S S Diseare? of the hver, 
gallbladder and bile duct*, Piiiladel- 
phia, Lea and Febigcr, 1942, Chapter 
XIV 

33 Post, J and Patek, A J, Jr Scrum 
proteins in arrhosis of the liver, rela- 
tion to prognosis and to formation of 
asates, Arch Inf Med, 1942, 69 67 

34 Ralli, E P, Robson, J S, Clark, D 
and Hoagland, C L Factors influencing 
ascites in patients with arrhosis of the 
liver, / Chn Investigation, 1946, 26 316 

86 Robinson, F Jr and Farr, L E 
The relation between chnical edema and 
the excretion of an antidmretic sub- 
stance in tlie urine, Ann Int 2Ied , 
1940, 14 42 

36 Paula, F Gjmkkomnstie und Leberzirr- 
hose, DeiUsches Arch f khn Med, 
1930, 169 83 

37 Glass, S J , Edmondson, H A and 
Soil, S N Sex hormone dianges asso- 
aated witii liver disease, Endocrinol- 
ogy, 1940, 97 749 


OCTOBER 1945 


557 


RECENT ACCESSIONS TO THE LIBRARY 

(“Possession does not imply approval”) 

Cf2S25E5ES55H5H5HSE5HSfS5SSH5SSESHSHSH5H5c!5E5HS2Si25S5S5H5H5H5B5S5SS25S525H5S5ci!3 


A1 Akl, r Until summer comes [Auto- 
bioprnpln ] Springfield, Mass , Pond- 
Ekbcrg, [1046], 361 p 

■BnUc\, H &. Bisbop, W J Tiotable names 
in medicine and surqeri/ London, Lctms, 
1944, 202 p 

Becker, S AV &. Obemia\er, AI E Modern 
dermatology and syphilology Phil , Lip- 
pincott, [194-4], 905 p 

Block, R J &. Bolling, D The ammo acid 
composition of proteins and foods 
Springfield, 111 , Tbomas, 1945, 896 p 
Brennan, R E Ihstory of psychology from 
the standpoint of a Thoniist N Y, 
Macnilllan, 1945, 277 p 
Brock, S The basis of clinical neurology 
2 cd Balt, Williams, 1945, 393 p 
Buck, (Sir) P C Psychology for TatKicians 
Ixindon, [Alilford, 1945], 115 p 
Bliseber, H Oreen and yellow cross, spe- 
cial pathology and therapy of injuries 
caused by the chemical war materials of 
the green cross group and of the yellow 
cross group Cincinnati, Kettering La- 
boratorv, Uni\ of Cincinnati, 1944, 156 
P 

■Cannon, AV B The way of an investigator, 
a scientist’s experiences in medical re- 
search X Y , Norton, [1945], 229 p 
•Cbnslian Medical Association of India, 
Burma and Ccilon Tales from the inns 
of healing of Christian medical service 
in India, Burma and Ceylon Toronto, 
Committee on Allssionari Education, 
United Cburcb of Canada, [1944'], 162 
P 

•Clarke, H H The application of measure- 
ment to health and physical education 
N A' , Prcnticc-Hall, 1945, 415 p 
■CIcndcning, L The human body 4 cd N A,, 
Knopf, 1045, 443 p 

Cole, r 1 ,4 hietorv of coiapnraMrc onof* 
omv Ixindon, Macmillan, l‘>44, 524 p 
<Iurclon T K Phyncal fitness workbool 
[2 cii ] Champaign, Ilk, Stipes, 1944, 150 
P 


Diaz Castro, H Endoscopia normal de la 
uretra membranosa y del cuello del 
bulbo Alontei ideo, Rossilo, 1944, 161 p 
Dubos, R J The bacterial cell in. i(* rela- 
tion to problems of virulence, immunity 
and chemotherapy Cambridge, Hariard 
Univ Press, 1946, 460 p 
Eddr, AV H &. Dalldorf, G J The avita- 
minoses 8 ed Balt, AA^illlams, 1944, 438 
P 

Espinasa Masagu^, J Dietitica infantil 
Mexico, Compafiia General Editora, 
1944, 2v 

Everett, H S Gynecological and obstetrical 
urology Balt, Al’^iUiams, 1944, 617 p 
Fabricant, N D The common cold and how 
to fight it Chic., Ziff-Dnvis, [1945], 
107 p 

Fitzpatrick, F L &, Stiles, K A The biol 
ogy of flight London, Allen, [1944], 

162 p 

Food for the world, edited by T AA’’ Schultz 
Chic., Univ of Chic Press, [1945], 362 
P 

Fulton, J F , Hoff, P M &. Perkins, 
(Airs ) H (Tarlson) A bibliography of 
visual literature, 1939-1945 [Spring- 
field, 111, Thomas], 1945, 117 p 
Gaddum, J H Pharmacology 2 ed Lon 
don, Alilford, 1944, 460 p 
Gcrsbcnfeld, L Bacteriology and allied sub- 
jecs Easton, Pa , Mack, 1945, 661 p 
Goetzl, A &. Reiaiolds, R V Julius Tand- 
ler, a biography San Francisco, 1944, 
63 p 

Gonzalez Riiera, M Bxploracidn sanitaria 
Mexico, Compafiia General Editora, 
1944, 2i 

Great Britain, AVar Office. Arm\ Medical 
Department A field surgery pocket 
book [London], A\ ar Ofiicc, 1944, 
172 p 

Gnnkcr, R R &. Spiegel, J P Men under 
stress PhiL, Blakiston, 1945, 484 p 
Hopkins, A AA Pep, pills and politics 
[ Autobiographv ] Brattleboro, A'’er- 



558 


THE BULLETIN 


mont Printing Co , 1944, 239 p 
HouseiioWer, A S &- LnndnW, H D 
Mathematical btophi/sics of the central 
iiervom lystcm Bloomington, Ind , 
Principia Press, [1944], 124 p 
Howe, E G Invisible aiiatomii, a study of 
“nerves,” hysteria and sex London, 
Faber, [1944], 333 p 

Jones, P One thousand hooks for hospital 
hbranes, an annotated bibliography 
Minneapolis, Unn of Minnesota Press, 
[1944], 68 p 

Jones, T S A Shepard, W C A manual of 
surgical anatomy, prepared under the 
auspices of the Committee on Surgery 
of the National Research Council 
Pliil, Saunders, 1945, 195 p 
Kagan, S It The modern medical iciorld, 
portraits and biographical sketches of 
distinguished men m medicine Boston, 
Medico-Historical Press, 1945, 223 p 
Kamosh, L J &. Zncker, E M A hand- 
book of psychiatry St Louts, Mo8b\, 
1946, 802 p 

Kesten, H Copernicus and his world N Y , 
Rov, [1946], 408 p 

Korson, G G At his side, the story of the 
American Red Cross overseas in World 
TTor II N Y, Coward-McCann, [1946], 

822 p 

IvuczTOskt, M H La Vida en la Amazonia 
peruana, observaciones de un medico 
Lima, Libreria Internacional del Peru, 
1944, 181 p 

Licbtnitr, I Patholoqy and therapy of 
rheuinatii fever N ^ , Grime, 1944, 
211 p 

Longmore, T A Medical photography, rad 
lographtc and clinical [2ed] I ondon, 
Focal Press [1944], 425 p 
Macintosh, R R \ Muslim, M IV Local 
anaesthesia brachial plexus O\ford, 
Blackncll, 1944, 65 p 

Mnrkvick, E Traimny medical secretaries 
lu junior colleges Nen London, N H , 
Colb\ Junior College, [1944], 88 p 
Medical iise^ of soap, a symposium [edited 
U M Fisbbcm] PInl , I ippmcott, 

[1945], 182 p , , , 

Medical woman s directory [issued In the 
jretbeal n Oman’s lournal] Cincinnati, 
Elizabeth Press, [1945] 2JC p 


Mental disorders iti later life, edited b\ 0 
J Kaplan Stanford Uniiersitv, Stan- 
ford Unh Press, [1946], 436 p 
Slmnitt, R J & Gillies, J Textbook of 
anaesthetics C ed Balt , Williams, 1914, 
4ST p 

Moorhead, J J Clinical traumatic surgery 
Phil, Saunders, 1946, 747 p 
Morton, D J Manual of human cross sec- 
tion anatomy [2 ed ] Balt , Williams, 
1944, 211 p 

Mullins, C Crime and psychology 4ed 
London, Methuen, [1945], 234 p 
National Research Council Psychology for 
the retnnmtg serviceman IVnsh , Infan- 
try Joumnl, [1945], 243 p 
Neame, H & Williamson-Noble, F A A 
handbook of ophthalmology 5 ed Lon- 
don, Cliurchill, 1944, 333 p 
Neighborhood Health Deielopment, Inc 
Health center dustricts, Department of 
Health, City of New York Handbook, 
statistical reference data 4 ed , 1931- 
1940 [N Y ], 1944, 200 p 
Noiak, E The woman asks the doctor 2cd 
Balt, Wilhams, 1944, 130 p 
Olmsted, J M D Francois Magendte N Y , 
Sclniman’s, 1944, 290 p 
Ozorio de Almeida, M L'lnhibition et la 
facilitation dans le systime nerveux 
central et pinpldrigue Rio De Janeiro, 
Atlnntica Editora, [1944], 134 p 
ParJ, A Om mdnniskans tiUbhvelse [De la 
giiidration de I’hommo] Lund, Gleerup, 
[1944], 223 p 

Parsons, R P Mob S, a naval hospital in a 
South Sea jungle Indianapolis, Bohbs- 
Mernll, [1946], 248 p 

Pinggo Blanco, R A Paseiro, P Ims 
hemopatlas 2 ed Montcudeo, Editorial 
Cientffica, 1944, 414 p 
Pukard, M E sV Biilei. R C The mid- 
jeest pioneer, his ills, cures ,5 doctors 
Crniifordsulle, Ind , Banta, 1915, 339 p 
Pi Sufier, \ La niiidad fiincioual [1 ed ] 
Mlmco, Compnnin General Editora, 

1944, 2' 

Purriel. P Ri'^so, R sk Esp isandin. 

Brucelosis Montcudeo, Editorial Intc- 
pendencia, 1914, 40i ]i 
Ree-s J R The shaping of psychiatry >y 
war N Y, Norton, [1915], 158 p 



SECOND SERIES N' 0 \'EMBER 1 945 'OL 21, "SO II 

BULLETIN OF THE NEW YORK 
ACADEMY OF MEDICINE 

CONTENTS 


The Medical and Public Health Importance ot the 
Insecticide DDT 561 

Fred C Bishop p 

Clinical Obsercanons on the Treatment of \'anous 
Infections with Pemcilhn 581 

Donald G Anderson 


On Certain Biological Factors in Human Disease 

George Draper 


599 


A Cntique of Ps^’-chotherapv m Artenal Hypertension 610 

' Carl Bmger 

Trichinosis A Major Health Problem in the United 
States MTat Shall Be Done About It' 616 

5 E Gonld 


Library Notes 

Recent Accession to the Librar>^ 


625 


AUTHOaS ALOrr AKE RZSPOVSIBLE for OPI ions expressed IX THEIR CONTRIEUTIOXS 

M MiLON \siiFonD, Editor 

tSSSHSE5gSH5a5ZSHSH5ESESH5SSH5SSHSHSHS25H5HSH5HS2S?!5HSHSESZSHSZ52SHSHSH5ESZSZS5.^ 

Published Monthly by The New York Academy of iAIedictne 
2 East 103 Street, Neav York 29, N Y 



OFFICERS AND STAFF OF THE ACADEMY 


1945 


Acting Prendent 
CoENEUus P Rhoads 

Vice-Presidents 

CoEiTELnra P Rhoads J Wn-MAai HiNToaf J Burns Abidebson 

Treasurer Recording Secretary 

Shepard Krech Robert E Pound 


Harry Ahanow 
Georoe Baehe 
Arthur F Chace 
Kirby Dwight 


The President 

The Treasurer 
The 


Trustees 
Ross Golden 
Malcolbi Goodridoe 
*Shepahd Krech 
Wiixiabi S Ladd 


Director 

Herbert B Wilcox 


Harold R Mixsell 
•Robert E Pound 
Charles F Tenney 
Orrin S Wiohtbian 


Council 

The Vice-Presidents The Trustees 

The Recording Secretary 
Chairmen of Standing Committees 


Librarian 

Archibald !Maixoch 

Executive Secretary Executive Secretary 

Public Health Relations Committee Committee on Medical Education 
E H L Corwin Mahlon Abhtohd 

Executive Secretary, Committee on Medical Information 
Iaoo Galdston 

Library Consultants 

Laura E Smith B W AVeinbehoer 

Legal Counsel 
John AV Davih, Esa. 


EDITORIAL BOARD 

Jerobie P AVebster, Chairman Mahlon Ashford, Secretary 

DAvm P Barr Archibald Malloch Phhip A’’an I^OEv 

Robert F Loeb AV alter AV Palbier Karl A^'ocel 


• Ex-oflBcio 



BULLETIN OF 
THE NEW YORK ACADEMY 

OF A4EDICINE 



THE MEDICAL AND PUBLIC HEALTH 
IMPORTANCE OF THE INSECTICIDE DDT 

Henmmi Ad Btggs Adeiiwrtnl Lecture* 

Fred C Bishopp, PhD 

Assistant Chief, Bureau of EntomoloCT and Plant Quarantine 
Agricultural Research Administration, U S Department of Agriculture 


FEEL It a distinct honor to be invited to appear before 
this distinguished group of the medical profession and 
on this lectureship established to revere an outstanding 
physician This appearance is regarded, not as a personal 
recogmuon of any particular contnbution of mme, but 
as an acknowledgment of the part that entomology and entomologists 
can play and are playmg in the important and expanding field of pre- 
ventive medicine 

Perhaps this occasion is another evidence of the feelmg that in this 
day of specialization the workers m a number of related fields must jom 
hands in a cooperative eifort to elucidate many disease problems and 
to apply the results of such research for the welfare of humamty 

Insect-bome diseases back through the ages have been a dominant 
factor m determimng the fate of armies and the outcome of wars It 
IS therefore not surpnsmg that forward-loolang medical men and engi- 

* Given Apnl 5 1945 at The New York Academy of Medicine 
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neers of the Army and Navy gave early consideration to ways of meet- 
ing the need for more effective and practical means of combatmg these 
diseases and their msect carriers The great progress that has been made 
durmg the last 'few years has been interpreted by many as resulnng 
directly from the war There is doubt m my mind, however, v'^hether 
research is more productive under the pressure of war demands than in 
peace Many of the recent advances m combating msects are prewar 
discoveries, or are based on knowledge gathered dunng peacetime, as 
m the case of msecucidal aerosols developed by Bureau of Entomology 
and Plant Quarantine workers, Sullivan, Goodhue, and Fales,^ m 1940, 
and methyl bromide, developed largely as an agricultural fumigant a 
few years pnor to the war - True, war makes funds available and gives 
special purpose to research, provides a proving ground for its findings, 
and accelerates the development and utilization of discoveries 

Another force that is especially operative dunng war is that of 
education This force is probably as virile and far reaching m prevenuve 
medicme as in any other field The incidence of msect-bome diseases, 
with the senous efforts put forth by military authonties to control or 
prevent these diseases, has been a powerful educational mfluence It has 
brought forcefully to the attention of our miUions in the armed forces 
and their families the importance of these diseases and the preventive 
measures used against them This broad interest aroused in preventive 
medicine surely should not be neglected in our further efforts m health 
education This enlightenment has by no means been confined to the 
rank and file of the armies and to the nonprofessional men of civil life 
It IS more or less evident at higher levels in every branch of the military 
service Many medical men m uniform have, perhaps for the first time, 
become aware of the magnitude and importance of preventive medicine 
and especially of medical entomological problems Many medical schools 
have modified their curncula to mclude medical parasitology and other 
sub)ects of wtal importance m preventive medicme Even though it will 
be regarded by some of you as presumptuous on the part of a layman, 
I venture the statement that I sincerely trust these changes will persist, 
and that our medical profession as a whole will give increasing attention 
to disease prevention rather than to thinking largely in terms of disease 
cure 

Of course, disease prevention is an extremely broad and intricate 
matter involving nutndon, housing, transportation, general economic 
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conditions, and many fixed customs and habits, none of which are 
stnctly medical Responsibility m the field rests not alone on the medical 
profession, but mvolves many special groups and, m fact, the people 
as a whole It is nght and proper, however, that the medical profession 
and those workmg directly in preventive medicine should take aggres- 
sive leadership m research, organization, legislation, and education look- 
ing toward more rapid and general advancement of this field so vital 
to the people of the entire world 

Insects Important in PaEVENTnm Medicine 

Insects and related arthropods rank high in importance to the health 
and prospenty of nations m both peace and war Some of the world’s 
most dreaded diseases, such as plague, epidemic typhus, and Afncan 
sleepmg sickness, are exclusively insect-bome Likewise the world’s 
most debihtatmg malady, malana, is chargeable to msects Then there 
IS Rocky Mountain spotted fever, endemic typhus, scrub typhus, en- 
cephalomyehtis, yellow fever, dengue, relapsmg fever, filanasis, kala 
azar, verruga, pappataci fever—a formidable array, for which msects, 
mites, and ticks are wholly responsible Nor should we overlook the 
part played by msects m the carnage of many other diseases, such as 
dysentery, typhoid, and tularemia, the parasitic worms, and the trouble 
mduced by direct attack of insects on man where no disease organism 
is directly mvolved, as m vanous forms of myiasis, stingmg and bitmg 
pests, and those that burrow mto the skm Often worrisome forms of 
life, such as swarms of biting midges, mosquitoes, and fleas, may assume 
considerable importance m impairmg efficiency and even health The 
bothersome bedbug, the cockroach, the elusive flea, and the persistent 
chigger and seed tick, each receives its complement of profane epithets 
and exacts its toll of sleepless mghts 

We are not mchned to associate with public health insects that carry 
or produce plant diseases, those that destroy vegetables or fruits, cereals, 
or sugarcane, or those that damage hvestock or food products m stor- 
age Yet they often are a dommant factor in decreasmg food supphes, 
so that low-mcome groups, or even entire populations, suffer from mal- 
nutrition, and many die of starvation Other effects of msects on human 
welfare, if not on health, are evident in the devastation of forests and 
grasslands, which mcreases the cost of smtable shelters and mduces de- 
structive soil erosion, floods, and forest fires This by no means com- 



564 


THE BULLETIN 


pletes the picture, for insects feed upon our flowers and shrubs, gnaw 
holes in our draperies, rugs, and clothing, undermine our homes, feed 
upon our axe handles, and even interrupt communications by cutting 
down telegraph poles or burroiving through lead cables 

But insects are not all arch enemies of man Of the some 620,000 
species described, probably not more than 55,000 are recognized as 
being injunous Thousands of species might be classed as neutral, and 
other thousands are beneficial Some insects prey on our enemy species 
as parasites or predators, some contnbute by destroying noxious tveeds, 
some by breaking down dead plants and animals, so that they are re- 
turned to the soil to sen'-e as plant food, some work over and aerate the 
soil, and others furmsh dyes for the fine arts, fibers for clothmg, or 
food for beneficial wildlife, our livestock and man 

In this last category the part that honeybees and other msects play 
m pro^ucmg food often goes unrecognized Thirty important food 
crops depend largely or solely upon msects to pollinate them W ithout 
tbs assistance we would have to get along without such things as 
squash and other cucurbits, apples, su^eet cherries, plums, and prunes 
Furthermore, many of our crops so essential for livestock, soil improve- 
ment, and prevention of soil erosion would be barren or produce very 
little seed Tbs is true of alfalfa, the clovers, and others 

This theme is an extremely mteresnng and important one, and has 
a vital relationship to human welfare and therefore to any extensive ef- 
forts that man may put forth in combatmg disease-beanng and other in- 
sect enemies 

iNSECTicroEs Not the Only Weapons at Hand With 
Which to Fight Insects 

The urge that eveiqmne has to loll dangerous insects qmckly and 
certainly, together with the pubhcity given to the insect-killing poten- 
tialities of the insecticide DDT, has diverted attention from the many 
other sound methods of combating msects The enemy is so numerous, 
Its modes of attack so diverse, and the danger of depending only on 
insecticides for control so grave that we must use every weapon at hand 
Only a few examples of the many ways of combating insects of 
medical importance other than by the use of insecticides are cited here 
For mosqmto control, drainage and other steps to eliminate breeding 
places are fanuliar examples As is ell known, elimination of manure 
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piles and accumulanons of fermenting vegetable matter is far more im- 
portant m combatmg houseflies and stableflies than the use of any sort 
of insecticide Certam kinds of ticks can be controlled, or even eradic- 
ated, by the destruction or mampulaoon of their animal hosts 

iNSEcncmEs a Direct and Quick Weapon 

In combatmg msect pests the use of msecticides has a strong popular 
appeal We are loath to take action oil the enemy is upon us, and by 
that tune somethmg drasoc must be done It is therefore fortunate that 
we have a number of dependable insecocides that may be called into 
play on short nonce 

Our msecncide arsenal was badly affected by the war Possible 
war needs for arsemc and demands for lead threatened for a time one 
of our major groups of weapons, the arsemcals Copper demands de- 
pleted our supply of pans green and copper fungicides, shippmg mter- 
ference and adverse weather reduced supphes of vital mihtary and 
household msecocides made from Kenya-grown pyrethrum flowers, 
and the Japanese soon took over Malaya and other onental areas from 
which had come our major supply of dems, one of the plants from 
which the highly effective rotenone is denved The reducuon in pyre- 
thrum combmed with mcreased military demands was parocularly try- 
ing because farmers had come to depend on this msecncide for controll- 
mg many pests of vegetable crops on which arsemcals and other mate- 
mis dangerous to man could not be used safely Furthermore, it left 
our householders and food handlers without ammumnon m the spray 
gun, a device now found on almost every kitchen and store shelf 
The Bureau of Entomology and Plant Quarantme and many other 
official and private groups not only put forth efforts to increase the 
culture of pyrethrum and rotenone-beanng plants on this hemisphere, 
but instituted a search for smtable substitutes for critical or scarce in- 
sectiades Hundreds of synthetic orgamc compounds were tested 
against a number of msects Some showed promise, but most compounds 
of this class have been found to be rather highly specific Investigations 
were also pressed forward on synergists, 1 e , matenals that would ac- 
celerate or mtensify the msect killing properties of compounds havmg 
msecucidal value These mvesugations too have yielded worthwhile 
results None of the matenals or combmations studied, however, appear 
to equal the organic chemical, DDT as an all-round insecticide 
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'DDT AN 'Outstanding Discovery 

The oommon name DDT is based on the generic chemical name 
dichloro-diphenyl-trichloroethane, but more accurately designated -by 
the long chemical name i-tnchloro-2, 2-bis (p-chlorophenyl) ethane 
(formerly called 2, 2-bis^(p-ch'lorophenyl)-i, i, i-trichloroethane) This 
compound was first synthesized by a German student, Othraar Zeidler, 
in 1874^, Like thousands of other matenals synthesized at universities, 
It remained on the shelves as just another compound wntil tfie^woss firm 
of J R Geig)^, A -G , in Its search for-mothproofing agents tested many 
compounds and among them DDT, which displayed distmct insecti- 
cidal value Wiesmann of the 'Swiss Agncultural Expenment Station, in 
cooperation Math this finh showed it to have merit in combating certain 
agncultural pests^ and m killmg houseflies ^ Late m 1942 a sample of the 
msecticide prepared by the Geigy Company, and called Gesarol Spray 
Insecticide, was sent by the Swiss firm to its Amencan branch, which 
m turn submitted it to the Umted States Department of Agnculture for 
evaluation A group of entomologists at the Orlando, Fla , laboratory 
of the Bureau of Entomology and Plant Quarantme, headed by E F 
Kmpling, soon proved DDT to have a remarlcable^destructive effect on 
body lice Research W'^ork conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office of 
Scientific Research and Development.was already weU organized, and 
a colony of thousands of vigorous hce upon which to test vanous mate- 
rials was already estabhshed, hence the development proceeded rapidly 
In the meantime the Army had placed in thu-hands of men taking part 
m the North African campaign _an effective Jouse-destroymg agent 
knoum as MYL powder, which had been developed by the same scien- 
tists DDT, where properly applied, was found to have remarkable per- 
sistence, and M'^as not subject to deterioration. as 1^ the case with MYL' 
potvder, the prmcipal constituent of which is pyrethrum Furthermore, 
the grave problem presented by the shortage of pyrethrum appeared to 
have been solved 

Imtial tests with DDT u^ere conducted uath caution, since the ma- 
tenal appeared to be a neri’^e poison and it "was suspected that possibly 
Germany had permitted the matenal to be shipped out of Svatzerland 
in the hope that it might be used extensively on our troops and thus 
in some way adversely affect them FAtensive toxicological tests carried 
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out 'by the Food and Drug AdtnitustratTion-and th6 National Institute 
of Health, however, failed to demonstrate any" toxic leffeetS from the 
use of a powder containing lo per cent of DDT in the tibutral earner 
pyrophylhte Accordmgly, after rather extenkv© field trials involvmg 
civilians, troops, and pnsoners, DDT powder was accepted for general 
military use agamst hce 

It was found that DDT used as a powder on the skm and garments 
would give protection against louse infestations for three weeks or 
longer This material in the form of an emulsion could also be incor- 
porated m the garments and fixed so firmly that it would not lose its 
insecticidal effect for penods as long as eight weeks even though the 
garments were washed at weekly intervals 

Extensive field tnals of DDT were earned out by medical and sam- 
tary officers m cooperation with the Umted States Typhus Commission, 
the Rockefeller Foundation, and local civilian agencies m North Africa 
The difficulty of requiring people with vanous prejudices and religious 
beliefs to remove their clothmg for treatment was met by the develop- 
ment of a simple dusting apparatus by which the powder could be in- 
troduced beneath the clothing “ The proof of the efficacy of DDT in 
controlling an epidemic of typhus M^as soon forthcoming The stage was 
set m Naples for a devastatmg s^veep of the disease through the civihan 
population, which would undoubtedly have involved our troops The 
epic curbmg of this outbreak has been recounted on previous occasions 
The effective organization set-up and the availability of ample supphes 
of DDT, which was apphed to more than a million and a quarter per- 
sons m a few months, can be credited with this amazmg result 

Some mdicanon of the wide mterest in DDT is shown by the tre- 
mendous number of articles on the subject that have appeared m pnnt 
in the last 2 or 3 years A survey of the literature by R C Roark has 
shown that about 600 aracles have been published 

Chemistry and Manufacture of DDT 

The original method of manufacturmg DDT has been set forth 
briefly m a Bntish patent assigned to J R Geigy, A -G ° 

“225 parts of chlorobenzene are mixed with 147 parts of chloral 
or the correspondmg amount of chloralhydrate and then 1000 parts of 
sulphuric acid monohydrate are added Whilst stirring well the tempera- 
ture rises to 60 C and then smks slowly dotvn to room temperature. 
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the mass then containing sohd parts It is poured into a great deal of 
water, whereupon the product separates m solid form It is well washed 
and crystallized from ethyl alcohol forming fine white crystals, having 
a weak fruit-hke odour ” 

Results of early tests in this country with DDT were so promismg 
that the chemical mdustry was encouraged to go into production as 
rapidly as possible, and every effort was put forth to make adequate 
supphes available to the military The matenal was placed under alloca- 
tion by the War Production Board on January i, 1944 (Order No 
M-340) However, as producuon was increased, new and more extended 
uses were found which continued to keep military demands ahead of 
production At present about a dozen chemical firms are producing 
this msecticide and, with the exception of relatively small quantities 
that are devoted to research, the entire supply of approximately 2,000,- 
000 pounds per month is gomg mto rmhtary uses 

Techmcal DDT consists largely of the para-para isomer of dichloro- 
diphenyltnchloroethane, which some of the ortho-para isomer and ten 
of twelve other compounds The para-para isomer is the most highly 
msecticidal and constitutes about 70 per cent of the technical matenal, 
the ortho-para isomer makes up about 25 per cent, and the other com- 
pounds the remaining 5 per cent The refined or recrystallized product 
consists almost wholly of the para-para’ isomer and is designed as pure 
DDT This pure compound melts at 108 5° to i09°C The techmcal 
product has a melting range of about 25°, therefore, specifications cov- 
enng purchases for mihtary uses designate a setting point rather than a 
meltmg pomt It is set at not less than 88‘’C A number of compounds 
contaimng DDT have been put out by commercial concerns under van- 

ous trade names, such as Gesarol and Neocid 

DDT IS practically msoluble in water, but dissolves readily in a 
number of organic solvents such as xylene, acetone, and chloroform 
Petroleum ods also dissolve varying amounts of DDT, the less refined 
these oils are, the greater is their solvent power Ordinary kerosene will 
dissolve approximately 5 per cent of DDT at room temperatures 

For general msecticidal uses there is no need to consider matenal 
of high purity and thus add to the cost of production For special pur- 
poses, such as for incorporauon in aerosol bombs, the use of refined 
DDT may be justified in order to minimize corrosive action on the 

containers 
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The investigations in the Bureau of Entomology and Plant Quar- 
antme of the chemical make-up of techmcal DDT have yielded im- 
portant information Reseaith chemists m the Bureau^^ have also de- 
veloped a colorimetric method by which mmute quanaties of DDT 
can be determmed which permits a more accurate evaluation of the 
residue problems such as on food and forage plants and m water 

Formulations of DDT 

To get the highest insecticidal efficiency from any matenal it must 
be properly formulated to fit mto the many conditions encountered 
DDT has been prepared m various mixtures as dusts, sprays, and aero- 
sols, but much remains to be done m this field As has been stated, the 
simple mixture of finely ground DDT m pyrophylhte was first used 
in the field of medical entomology Smce that mitial step, many formu- 
lations have been prepared for diverse uses agamst insects of medical, 
vetermary, and agncultural importance These formulations mvolve 
numerous solvents, wettmg agents, emulsifiers, and stickers, and various 
combmations mcluding mixtures with other insecucides Proper formu- 
lanon of insecticides not only makes them more effective, but also ideally 
at least, more economical, more convement to ship and store, more 
easily apphed, and less likely to have an adverse effect on men, animals 
and plants 

Fortunately, for two of the major uses DDT can be very cheaply 
and easily prepared I refer to the dust mixture already mentioned for 
louse control and to kerosene or fuel-oil solutions for use as a mosquito 
larvicide Some difficulty has been expenenced, however, with the DDT 
crystalhzmg out m the oil drums when the matenal is stored at low 
temperatures Smce these crystals are not easily redissolved, it is desir- 
able to add an auxdiary solvent, such as xylene or a heavier petroleum 
fraction 

When the earners employed m the sprays evaporate, beautiful 
crystals of DDT are left on the surface of sprayed objects The type of 
these crystals vanes much with the earner used, as does also the rapidity 
With which they are formed There is evidence that the type of crystal- 
Ime deposit affects its msecocidal potency 

Methods of Application 

Naturally, methods of applymg insecticides must be governed by 
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the nature of the problem The stability, solubility, residual effect, and 
other characteristics of DDT make possible the use of many different 
methods of application and have suggested almost innumerable types 
of apparatus for dispersmg it These range from the simple hand dust- 
ing, as in control of lice on man, to the application to jungle areas, by 
huge aircraft, of dusts, sprays, and aerosols for mosqmto control They 
also include impregnation of clothmg and other fabrics m an emulsion 
or solution, the employment of explosives in various devices, of special 
generators to produce thermal aerosols, of manually-operated aerosol 
containers with liquefied gas as a propellent, of atomizers of diverse 
types and sizes (some little larger than a fountain pen), of various types 
of sprayers and dusters, and even the use of an oil can or a paint brush 
Automatic drip cans or impregnated sawdust or other matenal have 
also been used for treating mosquito-breeding rice fields, streams, and 
ponds 

Most of these dispersal devices are m an experimental stage, and 
- no doubt many new ones will be devised It is a fertile field for those 
with mventive abihties Through all the experimental and practical work 
the need has been apparent for special distributing equipment to meet 
the diverse conditions encountered in military operations and those more 
fully recognized here at home 

The development of methods for aerial apphcaaon has been and sdll 
is of absorbing mterest Smce 1922, when the Bureau of Entomology 
and Plant Quarantine first experimented with airplane dustmg of cal- 
cium arsenate for control of the boll weevil on cotton, httle attention 
has been devoted to spraymg devices The high toxicity of DDT to 
many msects gives us, for the first time, a hquid matenal that can be 
economically apphed from the an The Husman-Longcoy equipment 
for use on a Cub plane has proved useful and a basis for the development 
of other equipment, especially for employment on larger fast-flying 
craft Tests have run the gamut from the Cub to large bombers and 
from tanks holdmg 35 gallons to those holding 500 or more The heli- 
copter, autogno, and dingible have not been forgotten Prior to this 
work httle mformation was available upon which to base even a guess 
on the effect of speed, type of plane, place and character of discharge, 
and other factors mfluencmg the break-up of hqmds Droplet size is a 
highly imponant item in insecncidal efficiency which we must watch 
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ToXICOLOG'i 

One of the first points considered m connecaon with the develop- 
ment of a new insecticide is its toxicity to man and higher ammals, as 
well as to various lower forms of life beneficial to man Therefore, as 
soon as the marked insecticidal value of DDT was determmed at the 
Orlando laboratoty, steps were taken to have its toxicological effect in- 
vesngated by Dr Herbert O Calver^'^ and his associates m the Food 
and Drug Adrmnistration and Dr Paul A Neal, of the National Insa- 
tute of Health Later, Dr Robert A Kehoe, of the Kettenng Institute 
of the Umversity of Cmcinnati, and Dr M I Snuth, of the National 
Institute of Health, undertook supplementary m ork 

Some of the results of this excellent research have been published,^" 
and no attempt ii'ill be made here to review them in detail There is 
complete agreement among these workers that DDT acts as a nen’^e 
poison when mgested or absorbed, that its toxicity to different warm- 
blooded ammals vanes wdely, but that its acute toxicity orally is not 
of a high order For mstance, the oral LD 50 (median lethal dose) for 
white rats ranges from 200 to 300 mg per kilogram of body weight, 
depending on size and age, for rabbits about 500, for dogs about 200, 
and for mice about 400 In prelmunar>’^ experiments earned out by Orr 
and Alott,^' horses and sheep showed no chmeal evidence of poisoning 
u hen gi\en DDT by mouth m doses of 100 to 200 mg per kilogram 
repeated for several days Sheep m ere given 14 to 2 grams per kilogram 
of body M eight as a smgle dose The largest dose caused tremors for 
one day and loss of appetite for two or three days Some cows showed 
tremors after the first feedmg of 100 mg per Icilogram but recovered 
even when the dose was mcreased after a week to 150 mg and after 
another w’^eek to 200 mg Some of these animals W'^hen posted show'ed 
hemorrhagic spots on the heart and other viscera These spots appar- 
ently disappear after a few- weeks It is charactensne of DDT poison- 
ing that anunals may develop tremors from daily doses, but that these 
may entirely clear up w-hile the admmistranon is bemg connnued at 
the same level 

It w as determined early by Dr Calver\- that no toxicity or imtanon 
results from 10 per cent of DDT in p>T'ophylhte apphed as a dust to 
the skm This has been amply demonstrated by the free use of the 
pow der by hundreds of thousands of troops and civihans m louse con- 
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trol DDT in solution, however, can be absorbed through the skin This 
IS particularly true of oil solutions There was some fear that DDT solu- 
tions might prove toxic when used as sprays, and especially as aerosols 
but extensive tests by the National Institute of Health showed that 
animals exposed to very heavy doses m strengths adequate to kill insects 
produced no lU effects if the animals were not allowed to lick the insecti- 
cides from their bodies 

Prelimmary expenments mdicate that DDT is rather poisonous to 
poultry and birds Investigations bemg conducted by the Fish and Wild- 
life Sennce mdicate that birds are more tolerant of DDT than mammals 
and that wild duck are especially resistant, but that snakes, salamanders, 
toads, and frogs may be killed by dosages m the upper range of msecti- 
cidal efficiency Unfortunately, fish are markedly susceptible This 
appears to be especially true of trout, and it is possible that they may be 
mjured by feedmg on insects droppmg mto the water after being lolled 
by DDT Apparently DDT is most toxic to fish when apphed in col- 
loidal suspension m water, with emulsion next, and surface applications 
of dusts and oil solutions least poisonous to them 

The chrome toxicity of DDT m various forms has not been fully 
evaluated, although relatively large daily doses can be tolerated over 
long periods, there is evidence of some cumulative effect and of slight 
sensitization m animals but not m man 

It may be concluded from available facts that DDT is much less 
dangerous to man and higher animals from direct toxic action than are 
many other msecticides, but it should be handled ^vlth care, especially 
to avoid mgestion and prolonged contact of od solutions with the skin 
Among the msects there is a wide range of suscepnbihty DDT kills 
both by contact and as a stomach poison Some msects, such as the Mexi- 
can bean beetle and boll weevd are httle affected by it when applied 
m practical doses On the other hand, extremely mmute quantities 
picked up by flies crawlmg over a surface sprayed months before will 
effect a loll, and as httle as i part of DDT to 100 million parts of 
water ^vlll destroy certam mosquito larvae m the laboratory Recent 
work by the Bureau of Entomology and Plant Quarantine mdicate that i 
gamma (one-milhonth of a gram) will loll a housefly 

Part Played by DDT in the War 
There have been m circulation so many statements about DDT 
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and Its insect-killing powers that it is logical to ask— )ust what is DDT 
doing toward winning the war^ It seems unnecessary to dwell on the 
importance of insects as annoyers and disease earners in large-scale mili- 
tary operations History is replete with evidence of this Napoleon’s 
operations in the West Indies were definitely stopped and the whole 
history of that area, and perhaps of the Umted States, was changed by 
the yellow-fever mosquito, which kiUed more than three-fourths of his 
army Louse-borne typhus and malana have determmed the outcome 
of many campaigns, liketvise, fly-carried dysentery and typhoid have 
senously mterfered wnth many military operations and caused much 
suffermg, as happened m our Spanish-American War 

The world-wide struggle m which we are now engaged has given 
opportumty for every msect-transmitted malady to attack naturally non- 
immune groups of men Furthermore, fast transport, especially by air, 
makes possible the movement in a few hours of infected personnel and 
infected insects from continent to continent and from hemisphere to 
hemisphere To cope with this situation the best entomological and 
chemical knowledge, the soundest medical judgment, and the highest 
engmeenng skill are demanded The promptness with which threatening 
outbreaks have been queUed and the present low incidence of these dis- 
eases among our vast armies speak for the elfectiveness with which these 
forces have been brought to bear on disease problems 

The success of the campaign agamst the typhus outbreak in Naples 
during the winter of 1943-44 ‘^ue almost whoUy to this new msecti- 
cide It would not be fan, how^ever, to ascribe to DDT more than its 
rightful share of the credit for these remarkable results Recognition 
must be given also to the highly effecuve organization and vigorous and 
persistent efforts of the Typhus Comimssion, the Medical Corps of the 
Army, the Public Health Service, the Rockefeller Foundation, and other 
agencies concerned Nor should we forget the qmet, mdefaugable re- 
searchers of the Orlando laboratory of the Bureau of Entomology and 
Plant Quaranane, who made this effective weapon ready for just such 
an emergency Obviously, without a sound organization, appropriate 
educational wmrk, and full cooperation, includmg that of line officers 
and the entire mihtary personnel, it wmuld have been impossible to set 
up delousing stations, each capable of treatmg 5,000 persons a day, and 
to round up from their underground habitations and delouse the families 
of Italians More than a million and a quarter persons were treated dur- 
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mg that ^vmte^, and owmg to the louse powder, supplemented with 
methyl bromide fumigation, pracacally no cases of typhus have occurred 
among our forces The mtroducoon mto this country of lice and louse- 
borne diseases with prisoners of war, refugees, and retummg troops, has 
also been prevented The armies of Great Bntam are also makmg use 
of DDT agamst hce, both as a powder and as a clothmg impregnant 
Mosquito control is a major factor m the prevention of malana, 
dengue, filanasis, encephalitis, and yellow fever, and DDT is coming 
to play a major role m combatmg these diseases m our war operations 
True, drugs are of recognized value m suppressing and treatmg malaria, 
but no drug has yet been found that is a true preventive or a depend- 
able cure For yellow fever we have a preventive vaccine that gives our 
troops protection, but there are multitudes of susceptible people, both 
m this countiy and m other parts of the world, who are not vaccinated 
and we must depend upon fightmg mosqmto carriers, especially on air- 
craft and around airports, if we are to hold this dread disease at its 
present insignificant level As for the other diseases mentioned, there is 
no known method of prevention other than through mosquito control 
Thus far DDT has been employed m only a minor way in the anti- 
mosqmto work of the military, and not at all by civilians It is com- 
mencing to strengthen our aggressive war on mosquito breeding in 
trammg centers m this country and m camps m stabilized areas Its 
greatest usefulness, however, is in ridding beachheads of infected mos- 
qmtoes— m fact, all mosquitoes— at the critical landing penod when 
head and bed nets and other mechamcal protection cannot be used and 
usual antilarval measures cannot be employed It seems almost mcred- 
ible that on D-day a few sweeps of a fleet of bombers with an almost 
invisible discharge of DDT m oil can destroy practically every mosquito 
in the area and pemut our forces to concentrate on the Japs \vithour 
danger of malana or dengue infecaons for at least several days 

As httle as i/io pound of DDT per acre has been shown by the 
entomologists at Orlando to kill all larvae of the common malaria mos- 
quito, Anopheles quadnmaciilatiis Say, under favorable field conditions 
An apphcation of i quart of oil contaimng 5 per cent of DDT to the 
acre, under ordmary conditions of vegetation, ■unll kill all larvae of this 
species Even under jungle condinons 3 quarts of this solution per acre, 
if broken mto fine spray particles 20 to 200 microns in diameter, will 
kill more than 95 per cent of all mosquitoes, both lair^ae and adults m 
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the area Dusts containing lo per cent of DDT used at the rate of 
I to 2 pounds per acre gave a complete kill and reduced breeding for 
one to two weeks m moderate vegetanon and longer m heavy vege- 
tation Wind and wave action soon termmate the residual killmg effect 
of both dusts and oil solutions In xylene emulsions DDT can be pre- 
pared and shipped m concentrated form and diluted with water as 
used Such emulsions were effective agamst Aiwpheles and several spe- 
cies of culicme lan'^ae m dilutions as low as i part to 20 million As 
little as 1 part per miUion had a lastmg larvicidal effect m rain barrels 

As yet DDT has not been employed m msecticidal aerosols m field 
operations However, expenmental work carried out by the Bureau of 
Entomolog)i- and Plant Quarantine both at Orlando and at the Belts- 
ville Research Center, has shown that the addition of 3 per cent of 
DDT materially mcreases the effectiveness of the pyrethrum aerosol 
at the strength now used against mosqmtoes, and agamst flies its kilhng 
power IS greatly enhanced 

One of the most remarkable quahties of DDT as an insecticide is 
Its persistence or residual effect This characteristic may be the one that 
will give us the whip hand m malana control When DDT m solution 
or emulsion is apphed to M'^ood or canvas as a medium fine spray at the 
rate of 200 mg per square foot of surface, mosquitoes resting on such 
surfaces are killed in a few hours This lollmg effect persists for several 
months Its persistence is even more striking m the case of flies It is 
possible to spray fences, buildmgs, and even vegetation around fly 
breedmg places, and expect the flies to be killed as they emerge from 
theur pupana and crawl upon such objects The msects are excited after 
they have rested on treated surfaces for a short time, but even though 
they may fly away most of them succumb Most mosquitoes normally 
rest on nearby objects for at least a short time after becommg engorged 
with blood Some fly about and alight several times while they aie 
seekmg a blood meal In sprayed rooms or tents this would appear to 
insure contact of the msects with the DDT crystals and resultant death 
before the completion of development withm their bodies and mtroduc- 
non into susceptible hosts of the organisms of malana, yellow fever, 
dengue, or filariasis 

The fly problem has been acute m a number of the war theatres 
This v^as particularly true m North Afnca and on some of the islands 
of the central and southwest Pacific In the Afncan operanons house- 
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jflies were mainly mvolved In the Pacific blowflies have been most 
troublesome Unfortunately, DDT was not available durmg the North 
Afncan campaign, but it is now meetmg an urgent need m the Pacific 
theatre DDT sprayed from the air has done much to remove the haz- 
ards of fly-bome dysentery and annoyance from flies durmg landing 
operations Apphcations from the air, supplemented by the spraying of 
tents, buildmgs, latnnes, and eqmpment, and by the usual samtar)^ and 
other fly-control procedures, hold the fly population to a mmimum 

The residual effect of DDT is particularly useful m combatmg flies 
This was first brought out by W lesmann’s work m Switzerland ° Con- 
current work by the Bureau of Entomology and Plant Quarantme m 
this country,^®’^® showed that 5 per cent of DDT m kerosene applied 
to wood surfaces m buildings would remam highly toxic to houseflies 
for four to six months, and that aqueous emulsions were equally ef- 
fective The type of surface, the presence of oils or grease and dust 
in the air, and other factors influence the duration of effectiveness In- 
corporation of DDT m pamts and varnishes holds htde promise, but 
the material retains considerable killing power when applied m cold- 
water pamts 

The excreta of animals to which DDT has been fed kills flies crawl- 
mg over it and prevents maggot growth DDT has also sho^vn some 
possibihties for treatmg manure to prevent fly breedmg 

DDT IS remarkably effective agamst fleas, either on ammal hosts 
or on the soil or floors upon which they develop This effectiveness has 
been shown for the common cat and dog fleas, the Indian rat flea, the 
sticktight flea, and others Some prehmmary tests indicate that fleas on 
rats can be destroyed by spraymg or dusting the rat runs ^vlth DDT 
formulations 

Although bedbugs are of httle importance m disease transmission, 
their indirect effect on human efficiency through annoyance and loss 
of sleep IS recognized The effectiveness of DDT agamst these disgust- 
mg pests IS almost unbehevable A 5 per cent solution of DDT in re- 
fined kerosene, apphed as a spray to infested beds and mattresses, not 
only kills the bugs actually struck but also persists for six or eight 
months so that any bugs commg m contact with the sprayed surfaces 
are killed ““ 

Another group of msects that play a small part m disease distnbution 
are the cockroaches The action of DDT agamst these pests is not so 
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spectacular, but it is distinctly toxic to them Work thus far mdicates, 
however, that the standard sodium fluoride treatment or pyrethrum as 
a contact spray is more effective 

Ticks, almost doMm to the last species, may be considered potential 
disease carriers Several species are especially to be condemned, smce 
they carry such deadly diseases as Rocky Mountam spotted fever, tu- 
laremia, and relapsmg fever, produce paralytic conditions, and in many 
instances sorely annoy and cause secondary infection through their 
irritating bites In experimental work earned out by Gouck and Smith"^ 
5 per cent of DDT m aqueous emulsions was effective against vanous 
stages of the brown dog tick and lan'^ae of the lone star nek on dogs, 
and emulsions contaimng o 5 per cent of DDT sprayed on infested 
roadside vegetanon gave a high degree of control of adults of the black- 
legged nek for at least three weeks 

Prehmmary experiments with DDT in kerosene or fuel oil applied 
as a spray to areas infested ivith the sand fly (Cultcoides) and the black- 
fly appeared to eliminate the adults for at least a few days Such solu- 
tions pamted on "window screens also prevented the sand flies from 
entenng 

Chiggers and other mites claim our attennon by their transmission 
of scrub t}’phus and by the extreme itchmg of their toxic bites Num- 
erous fever and other systemic reacnons occur, and severe secondary 
infecnons are frequent DDT promises to be valuable m combanng 
these pests 

What Does the Future Hold^ 

Peacenme developments have been adapted quickly to war needs, 
and wc must be as alert m turmng the implements of war to postwar 
problems Fortunately, m the field of climcal medicme practically aU 
the eqmpment, drugs, and surgical techmques that are emanating from 
the war effort can be apphed at once in peace tune This is almost as 
true m preventive medicine, though the adaptation may come more 
slowly 

Smce the mterest of both physicians and laymen m preventive medi- 
cine IS now far more general than before the war, can we not grasp 
this opportumty to extend research m the causation and prevention of 
disease and to further the application of acquired knowledge in this 
field? 
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Axe we as physicians, sanitarians, engineers, entomologists, and econ- 
omists to be content with the dynamite of plague hidden m our western 
yard, with the presence m our South of myriads of pestiferous yellow- 
fever mosquitoes ready to scatter the dread black vomit and the pain 
of breakbone fever over our land? Are we to cononue to condone the 
presence of millions of rats in our cities and villages, and on our farms, 
permitting them to harvest the frmts of our labor and, with their asso- 
ciates the fleas and rmtes, to debihtate our people with endemic typhus? 
How long are we to harbor among the poor, and too often among the 
s affluent as well, the disgusting louse? We know that these parasites have 
brought death to milhons, that they attack man exclusively, and that ^ 
they cannot survive without our blood and the warmth of our bodies 
We now know also that a smgle treatment of every infested person with 
DDT would elimmate these bee from the earth Should we be content 
to look on complaisantly while emaciated millions drag their malana- 
shackled bodies from neglected fields to tottermg huts? These problems 
are a challenge to the world that must be accepted I do not mean to 
depreciate the excellent work that has been done, but the urge is on us 
and in the immediate postwar penod it would seem both desirable and 
necessary to qmcken our efforts 

After the fall of Germany and Japan we will still be confronted with 
arimes of dangerous insect eneimes which m the long run may cause 
more suffermg and death and economic losses than our present human 
foes In this war on the msects DDT will, I am confident, occupy a 
leading place in the arsenal we must keep ever ready to meet their 
vaned forms and diverse methods of attack 

Modem transportation makes all countnes of the world close neigh- 
bors Therefore, one of our first and continuing problems is to prevent 
the spread of dangerous msects and the diseases they carry In this field 
DDT and pyrethrum aerosols and sprays, if properly applied in air- 
craft, ships, and trains, will do much to minimize this hazard The 
insect-control work around hospitals housing returned veterans, as well 
as educational work, should go far in preventing any serious outbreaks 
of insect-bome diseases The extended antimalana program proposed 
by the United States Public Health Senuce m cooperation with State 
health authorities should further aid in preventmg the mtroduenon and 
spread of mosquito-camed maladies It would also be taking the first 
long step toward that ambitious program suggested by Dr L L Wil- 
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hams, Jr of eradicating malana from this country In this program 
DDT, especially m the form of a residual spray, ^vlll be a major weapon 

It IS difficult to foresee the precise place that DDT may assume m 
the future In addition to the fields of application briefly mentioned 
above, one can visuahze farms with contented hvestock and cleaner 
daiT)’- products through the use of DDT against homflies, stableflies, 
and houseflies, also outing areas \wth less annoyance from punkies or 
sand flies (Cnhcoides), blackflies, and mosquitoes Insect destroyers of 
crops may be held in stricter control, thus helpmg to assure ample and 
economic food production which in turn means better general health 
and happiness 

DDT appears destmed to assume an important role m controlling 
sand flies {Vhlehotoimis) and thus reducmg the incidence of kala azar 
and sand fly fever Likewise, through its use against these msects, the 
dread disease verruga may be controlled m Peru and Colombia Tick 
control will probably be materially accelerated by the use of DDT, and 
this material wdl doubtless find an expanded field of usefulness in 
combating flies of all lands The Chagas disease situation m the Ameri- 
cas may be materially helped by the availabihty of DDT in postwar 
days and its employment against the kissing bugs that transmit that 
malady The persistence of this insecticide on vegetation suggests the 
possibility of Its successful use agamst the dread sleepmg sickness of 
Africa, as well as the persistent and mfecdon-carrying eye gnats in 
various parts of the world This would mean a great boon to the peoples 
in many lands where chronic conjunctivms, trachoma, and resulting 
blindness are so prevalent 

Due regard must be had for the detrimental effect of DDT on 
beneficial insects and other forms of hfe when its widespread applica- 
tion IS contemplated We must learn more about the general field of 
usefulness of DDT as an msecacide, and especially about its hmitations 
Much remains to be done in the perfecting of formulas for diverse uses 
and methods and equipment for apphcation 

General James S Simmons, of the Surgeon General’s Office, Umted 
States Army, has summed up his views on DDT as follows “I feel 
quite sure that the knowledge gamed of this amazmg chemical, con- 
stitutes the most valuable smgle contribution of our warame medical 
research to the future health and welfare, not only of this nation, but 
of the norld Magic insect killer though DDT is, it must be applied 
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by the right method, m the right form, and at the nght time Many 
Avnters have claimed too much for DDT It is not a panacea for all 
insect ills, but it should hold an important place in the preventive 
medicme of the future 
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CLINICAL OBSERVATIONS ON THE 
TREATMENT OF VARIOUS 
INFECTIONS WITH PENICILLIN* 

Donald G Anderson 

Instructor in Medicine, Boston University School of Medicine 


purpose of tlus paper is to review some of the signifi- 
^ a cant changes that pemcdlm therapy has brought about 

w ""P § in the prognosis, course, and management of certain 
a § infections Of necessity the discussion of the various 

ci'aSHEHSssESHSa diseases that I shall consider will be incomplete smee an 
■entire article could well be devoted to any one of them An attempt 
will, however, be made to illustrate the more important features of 
penicillin therapy m pneumococcic memngitis, acute and cliromc osteo- 
myelitis, and acute bactenal endocarditis 

The material presented herein is based on the observation of cases 
treated at the Evans Memorial Hospital during the last three years 
under the direction of Dr Chester S Keefer, and on a study of the 
case reports submitted by vanous investigators to Dr Keefer m his 
capacity as chairman of the Committee on Chemotherapeuncs and 
Other Agents of the National Research Council 


Pneuzmococcic Meningitis 


The seriousness of pneumococcic memngitis is well known, for 
prior to tlie introduction of the sulfonamides its mortality was almost 
100 per cent With sulfonamide therapy the reported mortahty rates 
have varied for the most part between 6o and 8o per cent, although 
better results have occasionally been obtained m small, selected groups 
of patients It is u ell knovTi tliat several factors influence the prognosis 
m this disease Thus, the mortahty rate is highest m patients under nvo 
and over saty years of age It is also higher in those cases in which 


Gntn Maj 3, 1945 at the Stated Mcelmf of The ^ew \orl. AcadeDj> of Medicine, 

of !W,o„o, 

coKS JS I".-. 

Commutee on Chemotherareuiics and Other Agents of the NaUonal R«iarch Con^S.^^ 



582 


THE BULLETIN 


meningms follows pneumonia than in those m which it follows in- 
fections of the middle ear or paranasal sinuses, or in which no primary 
focus can be demonstrated 

The mortality rate m more than 400 cases treated wnth penicillm 
that have been reported to the Committee on Chemotherapeutics and 
Other Agents is approximately 50 per cent No difference could be 
demonstrated in the gross mortality rates between the patients treated 
with pemcilhn alone and those treated with a combination of penicillin 
and a sulfonamide Unol these cases can be more completely analyzed, 
however, this findmg should not be considered as conclusive, since 
the results m smaller series of cases reported by Wanng and Smith,’ 
by Sweet and his associates" and by Bngadier Cairns strongly suggest 
that combmed therapy is much more effective than treatment with 
either agent alone 

In their response to treatment, the patients with pneumococcic 
meningitis fell mto four mam categories In the first group were pa- 
tients who had fuhninatmg infections or were treated late m the course 
of the disease They were usually m deep coma and were obviously 
moribund when treatment was started Heroic measures were meffec- 
tive, and death occurred m forty-eight hours or less despite the use of 
large doses of pemcilhn, sulfonamides, and m several mstances type- 
specific antiserum as well An example of the failure of intensive therapy 
to alter the course of a fulmmatmg infection, is illustrated by the 
first case ' 

Case / C F , a 59-year old man, was malong a satisfactory recovery 
from an attack of lobar pneumonia when eighteen hours before entry 
he developed a severe headache and shortly thereafter became comatose 
On adrmssion to the hospital the blood culture contained 42,000 colonies 
of Type VIII pneumococcus per cubic centimeter, and a culture of 
the spmal flmd, which was grossly purulent, revealed 100,000,000 
orgamsms per cubic cenumeter Therapy was mstituted within less 
than I hour after the patient reached the hospital, 20,000 units of peni- 
cilhn was mjected intrathecally through the lumbar sac and the same 
amount was given mtramuscularly every three hours Two and five 
tenth grams of sodium suLfamerazine was injected mtravenously shortly 
after penicillm therapy was started Twelve hours later a second lumbar 
puncture was performed and another 20,000 umts of pemcillm was 
administered mtrathecally An hour later after appropnate tests had 
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TYPE IV PNEUMOCOCCIC 



Fig 1 (Cflse 2) — Clinicnl course of n patient uitli pncumococcic 
meningitis who sliowcd Icmpornry im))ro\cmcnt after the ndmm- 
Istration of penicillin Cultures of llic blood and spinal fluid 
became sterile but tlie patient died on the sixth daj of the illness 

revealed no evidence of sensiavity the patient was given 100,000 units 
of Type Vni pneumococcus rabbit antiserum intravenously None of 
these measures effected any unprovement, and the patient died seven- 
teen hours after treatment was started, thirt)^-si\ hours after the first 
appearance of the symptoms of meningitis 
The patients m the second group were also desperately sick and 
usually comatose, but during the first twenty-four to forty-eight hours 
of treatment some evidence of improvement could often be detected. 
Frequently the temperature became lower, and at the same time the 
organisms either disappeared from the blood and spmal fluid or were 
markedly reduced in number After a brief period of apparent im- 
provement, these patients rapidly deteriorated and died within sutt}^ 
to one hundred and twenty hours after the beginning of treatment At 
autopsy culture of the meningeal exudate was often sterile, and when 
positive cultures were obtamed, the number of orgamsms found was 
usually insignificant It has been believed that in these cases in whicli 
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the infection was obviously coming under control, death must be at- 
tributed to toxemia, or more specifically to damage inflicted on die 
central nervous system while the infection was still active The second 
case is illustrative of this type of response 

Case 2 (Fig i ) B R , a 55-year-old woman, had had an acute 
otitis media and was admitted to the hospital five hours after she had 
developed a stiff neck She was comatose at the time of admission, and 
treatment with penicillin v'-as started nTthin less than i hour As 
mdicated m the chart, the temperature fell and cultures of the blood 
and spmal fluid became negative menty-four hours later The patient 
remamed comatose, however, and the temperature agam rose Con- 
sciousness was not regained, and 24 hours before death peripheral 
vascular collapse developed and persisted despite treatment with oxy- 
gen, plasma, and other ressuscitative measures Post mortem exammauon 
showed an abscess m the right parietal lobe and a layer of fibrinous 
exudate over the whole convexity of the brain Cultures of the abscess, 
of the exudate, and of the ventricular fluid were sterile 

The third group of patients included those in whom continuing 
improvement could be demonstrated withm a short time after the 
beginnmg of treatment and who progressed to an uncomphcated re- 
cover)^ These patients were treated fairly early and were in much 
more favorable condition at the begmning of treatment than those in 
the first nvo groups It was not unusual for the cultures of the blood 
and spmal fluid in such cases to become negative within twenty-four 
to forty-eight hours, and while further miprovement was often slow, 
It was usually possible to predict at the end of four to six days that the 
paaent would recover The next case is that of a patient who made an 
uncomphcated recovery on combined peniciUm and sulfamerazme 
therapy 

Case 5 (Fig 2) S B , a 37-year-old xvoman, was recovenng from 
a mild upper-respuatory infection when twenty-two hours before ad- 
mission she was awakened from a sound sleep unth headache, nausea, 
and vomitmg Stiffness of the neck was first observed a few hours 
before entr)^ 

On admission the paaent was conscious but confused and restless 
No source of the mfection could be demonstrated After eleven hours 
of treatment with sulfamerazine she became comatose, and therapy 
xvith penicillin xvas insatuted as mdicated m the chart At this ume 
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Fig 2 (Case 3) — Cliart showing progrcssnc impro\c- 
ment and ultimate rccoicrj in a patient with pneumo- 
coccic meningitis who was treated with penicillin and 
sulfamerazine Ihe deiclopmcnt of a complete spinal 
subaraclinoid block on the fourth da) of treatment was 
not accompanied bj a relapse of the infection, pre- 
sumabh because of the cffccthc antibacterial action of 
sulfamerarJnc 


culture of the cerebrospmal fluid showed two hundred and fifty or- 
ganisms per cubic centmieter Within 24 hours after pcnicilhn was 
started the patient was conscious and rational, although her responses 
were slow On the evening of the fourtli day and for the ne\t five 
days no fluid could be obtained by lumbar puncture In view of the 
favorable course intrathecal therapy was discontmued After thirteen 
days of treatment the patient was cbnically well except for shght 
ngidity of the neck and the persistence of a low-grade fever The 
pemcillin was stopped but sulfamerazine was continued for another two 
weeks The paaent recovered without sequelae and has remained n^elL 

The fourth group was compnsed of patients who while apparently 
makmg satisfactory progress either relapsed or developed complica- 
tions Relapses occasionally occurred early, and were usually due to 
the development of a subarachnoid block that prevented the diffusion 
of pemciUin throughout the subarachnoid space This complication is 
illustrated by the next case 

Case 4 (Fig 3 ) H L, a 79-year-oId man, developed a headache 
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MENINGITIS - PNEUMOCOCCUS TYPE XII 



Fig 8 (Case 4) — Cbnical course of a 79-year-old man 
with pneumococac menmgitis who was treated Mith 
penicillin alone. Relapse occurred on the fifth day of 
treatment following the deielopment of a complete 
spinal subarachnoid block The infection was again con- 
trolled uhen penicillin Mas injected into the cistema 
magna and the patient progressed to a complete re- 
coi ery 


and stiff neck, and treatment Mas started eighteen hours later We were 
unable to discover the primary focus of the infection On systemic and 
mtrathecal penicillm the patient’s progress was satisfactory until the 
third day, when the signs of a complete spinal subarachnoid block de- 
veloped Intrathecal pemciUin was then discontinued until the fifth 
day, when a sharp rise m the temperature occurred and the patient 
became comatose Pemcillm was then introduced daily into the cistema 
magna for a period of seven days, at the end of which time the 
block had disappeared and intrathecal admmistration by the lumbar 
route was resumed The patient eventually made a complete recovery 
and has been v^ell and working for two years 

As suggested by the experience \vith the previous case, the inci- 
dence of relapses resulting from the development of a spinal sub- 
arachnoid block may be decreased by admimstenng one of the 
sulfonamides in addinon to penicillin 

Relapses that occurred after treatment had either been discon- 
tmued or when the intensity of the treatment was being gradually 
relaxed were more frequent than those that appeared early in the 
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course of treatment The fact that pneumococcic memngitis is prone 
to relapse is well known, and many cases have been reported in which 
the patient sulfered multiple relapses over the course of many weeks 
or months In panents who relapse, attempts to demonstrate an extra- 
memngeal source of the reinfecaon are usually fruitless It is our 
belief that in such cases viable bactena persist in the memnges, pre- 
sumably in areas where plastic exudate is present We have arrived at 
the conclusion that, unless an extrameningeal focus can be clearly 
implicated, continued intensive treatment of the meningitis is a more 
rational course than a blind surgical attack on the mastoids or paranasal 
smuses This view has also been expressed by Bngadier Caims, who 
in a recent lecture on the treatment of pneumococcic meningitis with 
pemcilhn presented several excellent photographs of pathologic speci- 
mens demonstrating small foci of persisting intrameningeal infection 
that could well sen'^e as the source for a remvasion of tlie entire sub- 
arachnoid space 

No data are available at present on which to base any estimate as 
to how many patients vdio recover from pneumococcic meningitis 
show residual damage to the central nen^ous system Tins sequela has 
been reported both in adults and in infants and children In the latter 
group the damage may not be apparent until sufficient time has elapsed 
to indicate that mental development is not progressing normally 

The question as to what constitutes adequate pemcilhn therapy in 
pneumococcic meningitis needs further study Actually, each case 
presents individual problems, so that hard and fast rules cannot be 
laid do\vn For most adults, the m)cction of 1 0,000 to 20,000 units 
intrathecaUy every twelve hours and the systemic administration of 
100,000 to 200,000 units a day appear to be sufficient dosage to control 
the mfection The concomitant administration of sulfadiazine or sulfa- 
merazme m doses sufficient to maintain a blood level of free drug of 
10 to 15 mg per 100 cubic centimeters also appears advisable 

More difficult to decide is the problem of how long to continue 
treatment Both the clinical condition of the patient and the spinal- 
fluid findings may be misleadmg Relapses may occur after the tem- 
perature has remamed normal for a week or more, after repeated 
sterile cultures of the spinal fluid ha\e been obtamed, after the spmal- 
fluid cell count has returned practically to normal, and after the 
spinal-flmd sugar has remained well within normal limits for se\^eral 
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days Because of the uncertainty as to when these patients are actually 
cured, we continue pemcilhn therapy for at least one week after 
apparent complete recovery and administer a sulfonamide for an 
additional two or more weeks 

When the primary focus m pneumococcic meningitis is located m 
the middle ear or paranasal sinuses, the question of the surgical treat- 
ment of such a focus usually comes up for consideration The opinion 
most widely held at present is that the early surgical treatment of such 
foci has little effect on the course of the meningitis Energetic therapy 
of the menmgeal infection in the majonty of cases will also control 
the infection at the portal of entry In a few cases m which there is 
evidence of contmumg infection at the primary site after the menin- 
gitis has been brought under control, surgical treatment of such areas 
can then be undertaken 

Acute Hematogenous Osteomyelitis 

In acute hematogenous osteomyelitis the beneficial effects of peni- 
cilhn on both the systemic infection and the local lesions of the bone 
and soft tissues has been repeatedly demonstrated Of the cases of 
acute hematogenous osteomyehtis treated with pemcilhn that ha\e 
been reported to the Comnuttee on Chemotherapeutics and Other 
Agents, recovery from the systemic illness has taken place in 95 per 
cent All these patients were seriously ill, almost half of them having 
staphylococcic bacteremia at the time treatment was begun It has 
been a common obsen'^ation that in severe staphylococcic infections 
treated with penicillin toxicity frequently abates several days before 
the temperature returns to normal The usual course of events m acute 
osteomyelitis treated with penicillin has been for the patients to show 
marked improtement in their general condition, charactenzed by a 
return of appetite and a disappearance of lethargy and irritability within 
fort}''-eight to ninety-six hours The temperature may return to normal 
dunng this ume, but more frequently it remains somewhat elevated 
for seven to ten days By the time it returns to normal, many patients 
appear to have recovered entirely from the s)''stemic mfection In a 
few cases vath mulaple metastauc foci, improvement has been slower 
and the patients have remained acutely ill for one to rwo weeks 

With regard to the fate of the local lesion, information as to how 
many of these patients have recovered without the development of foci 
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Fig 4. (Case 6) — Clinicnl course of an 8-\enr-okl 1)0\ 
with acute Iiematogenoiis osteomj clitis of tlie tibia 
treated uitli penicillin alone uitliout surgical Intencn- 
tion llie patient rccoiered coiiijileteh and has ic- 
mained ivell for 18 months without dci eloping an\ 
signs of sequestration 


of chronic infection in the bone is not yet available In the cases that 
we have obsen^ed the response of the local lesion has often been 
striking In those that have been treated early, before a soft-dssue 
abscess has formed, the signs of acute mflammation have receded pro- 
gressively, £0 that as a rule the affected part has appeared normal or 
nearly so after ten to twenty days of treatment In the cases m which 
there has been progressive improvement, tve have not believed that 
surgical mtervention was necessary On the contrary, we have been 
impressed with the fact that these panents recover more rapidly and 
more completely if surgery is withheld Only rarely do they develop 
sequestra or draming sinuses that require later surgical treatment 

Case j (Fig 4 ) J M , an 8-year-old boy, developed symptoms of 
acute osteomyehtis of the dbia three days before entry to the hospital 
Four days of sulfathiazole therapy resulted in a clearmg of bacteria 
from the blood stream, but the patient remamed acutely dl and the 
local signs of inflammation were advancmg Although the tempera- 
ture did not return to normal until eight days after the begmning of 
pemcilhn treatment, the paoent’s general condition was markedly im- 
proved within seventy-two hours, and dunng the same time there u^as 
distinct lessenmg of the local signs of acute inflammation Pain and 
tenderness were almost entirely gone by the end of one week, although 
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some swellmg of the leg persisted until two days before treatment was 
discontmued The patient has been followed for 1 14 years without 
developmg any signs of sequestration or of a recurrence 

Even in patients who have been treated late— that is, after the in- 
fection has been present for a week or more— it has often been possible 
to obtain satisfactory resolution of the local process without resorting 
to surgery In cases that have developed a defimte abscess, if mtensive 
peniciUm therapy does not effect prompt improvement, it is desirable 
to evacuate the abscess and release pus from the intramedullary cavity 
through multiple drill holes Recovery m these cases has been hastened 
by closing the mcision by primary suture after placing one or more 
soft-rubber catheters in the wound for the local instillauon of peni- 
cillin postop era tively These catheters are clamped after penicillin is 
injected and do not act as drams 

In cases of acute osteomyelitis in which a suppurative arthntis 
exists, systenuc treatment must be supported by mtra-amcular injec- 
tions of pemcillm if serious damage to the joint is to be prevented 

With regard to dosage, in acutely ill patients we now administer 

25.000 units intramuscularly every two to three hours (200,000 to 

300.000 a day) until the mfection is well under control After ten 
days to two weeks, if progress has been satisfactory, the three-hourly 
dose IS reduced to 15,000 umts We beheve that treatment should be 
contmued for a week to ten days after the temperature has become 
normal and the signs of local inflammation have entirely subsided 
This usually means a minimum of three weelcs of treatment, in severe 
cases even more prolonged therapy may be necessar)'^ 

Judgment as to when to stop treatment must be made on purely 
clinical grounds, since the roentgenographic changes in the bone do 
not keep pace with the clinical course Frequently destruction of bone 
appears to be greatest at a time when it is obvious clinically that the 
patient has recovered This situaoon is illustrated in Fig 5, in whicli 
are shown three views of the femur m a child two years old Treatment 
was begun about three days after the appearance of symptoms, and 
for the next twenty-four days the panent received 10,000 units of 
pemcilhn mtramuscularly ever\’' three hours The view on the left is 
that taken at the beginmng of treatment, that m the center was taken 
just as treatment was bemg completed, and the one on the right was 
taken six weeks later 
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^*8 ® Roentgenograms of the right femur of a 2-\ ear-old girl with acute o&teo- 
niielitis The patient recenetl pemeilhn for 24 dacs \o ojinatioi wua perfonnc 1 
Roentgenogram taken at the beginning cf treatnienl 511 — Roentgenogiam 
taken the chn treatinent was completed Although roentgcno(' ajih c c\ u ei e of hone 
damage was greatest at this tune, clinic ilh the pit ent ha 1 ci mple el rc o\e c I 
froiii both the sistemic an I lo^'u! mfc- um £C — U entgen ) i i a! en 6 weeks iftci 
the completion of treatment lUustralinir the rapid icpair of hone in the absence of 
further treatment after the infection had been controlled 


On the basis of the experience to date it seems safe to predict that 
^Mth the use of penicillin acute hematogenous osteon, ly elms will be 
regarded more and more as pnmarilv a medical disease, although cer- 
tain cases will still require careful surgical management of the io^al 
lesion 


ChrONTC OsTEOiMYhLITIS 

Cliromc osteomyelitis, on the other hand, must still be considered 
largely a surgical problem In occasional patients the use of pemcillm 
alone may result m a prolonged remission, but in the majonty of cases 
expenence has mdicated that the combmed use of pemcillm and 
surgery is necessary to achieve the best results ® The reasons for this 
are easily understood Pemeilhn diffusmg from the blood stream, or, 
after local apphcation, from thick-xvalled smus tracts frequently fails 
to reach bacteria that are present m scar tissue and sequestra, wath tlie 
t ea n^ does not take place or that if it does, viable 


THE BULLETIN 


592 


bacteria remain in the tissues and reactivate the infection within a 
short tune 

Without gomg into details, I should like to outhne the program 
that we have now adopted for the treatment of chrome osteomyelius 
The development and execution of the surgical techmque employed 
has been the work of Dr Louis G Howard, Chief of the Orthopedic 
Service of the Massachusetts Memorial Hospitals 

For four to seven days before operation, penicilhn is admimstercd 
mtramuscularly, every three hours, in doses of 15,000 to 25,000 units 
Prior to operauon roentgenograms are taken after the instillation of 
hpiodol into the sinus tracts Stereoscopic views of the mjected tracts 
are particularly helpful in estimating the location and extent of the 
tracts and m demonstratmg their relation to areas of active infection 
withm the bone At operation the sinus tracts are excised, osteomyelitic 
cavities are exposed, and the sequestra and granulation tissue contained 
therem are removed At the compleaon of the operation one or more 
soft-rubber catheters are inserted in the wound, which is closed in 
anatomic layers without tension and without drainage Postoperatively 
intramuscular penicilhn is contmued unul the wound is completely 
epithehalized Local msallations of penicilhn are made through the 
catheters every twelve hours for seven to ten days, at the end of which 
tune the catheters are removed The sutures are removed at the same 
time, or more commonly a few days later 

We have now treated thirty-five patients with a combination of 
pemcillm and surgery The period of follow-up observation, varymg 
from two months to two and one half years, is much too short to 
permit any conclusions regarding the final results, but the immediate 
ones have been quite satisfactory In all thut)'--five patients the local 
lesion healed, and in thirty-one it has remained healed In several cases 
It was not possible to remove all sequestra, and the four relapses that 
occurred were not unexpected Two of these patients are now well 
as the result of a second operation performed in conjunction witli 
further pemcillm treatment 

In chrome osteomyehtis, as m the acute form of the disease, the 
changes m the roentgenograms are of no immediate value in assessing 
the response to therapy In adults, m whom the infection in the bone 
has been well localized for a period of years, httle or no change may 
be seen m the roentgenograms even a year or more after treatment 
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In children and adolescents, however, definite improvement is fre- 
quently seen in the appearance of the bone but not until several 
weeks or months after the completion of treatment 

Even more significant than the response of the local lesion has 
been the effect of treatment on the patients’ general condmon ^A'hile 
some patients have shown little or no systemic reaction to thetr in- 
fecnon before treatment, many of them have presented the findings 
commonly encountered in a severe chronic infection, namely, poor 
nutntion, anemia, and weakness Many of them have been unab'e to 
pursue useful activities because of their disease Within the first month 
or two after treatment these patients have gained fifteen to twenty-five 
pounds in weight, their hemoglobm values and red-cell counts have 
returned to normal levels, and they have enjoyed a sense of well-being 
that they had not felt smce the onset of their infection 

The most strikmg improvement that we have observed took place 
m one of the twenty patients treated with pemcillm alone without 
surgery This patient was a twenty-tvm-year-old man who had been 
ill for seven years with a chronic drainmg retroperitoneal abscess as 
well as a persistently active lesion m the femur When he was first 
seen the liver and spleen were markedly enlarged and a Congo red 
test revealed 100 per cent retention of the dye in the tissues Follow- 
ing two courses of penicillin separated by an mterval of one year, the 
retropentoneal smus healed and drainage from the femur, which vas 
not operated on, greatly decreased At the completion of the last course 
of pemcillm therapy, a Congo red test showed that only 57 per cent 
of the dye was retamed in the tissues In the next eight months the 
liver and spleen decreased m size so that they were no longer palpable 
It IS now a year and a half smce his last treatment The patient has 
gamed seventy pounds and for the past year has been working full 
time without the loss of a day from work because of illness 

Before leavmg the subject of chronic osteomyelitis, I should like 
to make it clear that we look on the patients m whom good immediate 
results have been obtained not as havmg the infection cured but as 
havmg It arrested In most, if not all, cases viable bactena are prob- 
ably still present m the tissues, and given a suitable opportumty, the 
infection may well be reacQvated When relapses occur further treat- 
ment with pemcillm and, if indicated, further surgical treatment 
should be earned out 
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Bacterial Endocarditis 

In discussing bactenal endocarditis, I shall confine myself primarily 
to a consideration of the acute form of the disease The value of peni- 
cillm therapy in subacute bactenal endocarditis has been clearly dem- 
onstrated by the important contributions to this subject that have 
been made by several physicians in this city, notably the late Dr 
Dawson^ and Hunter,'^ Loewe,'^ McDermott,® and MacNeafi and their 
associates The encouraging results that they have reported are familiar 
to all Several problems remain to be solved, includmg those of the 
optmium dosage, the best methods of adnunistration, and the value 
of adjuvant measures such as the use of anticoagulants, fever therapy, 
and the sulfonamides One of the most interesting features of this 
disease is the absence of any clinical or laboratory criteria that will 
enable one to predict either before, durmg, or at the completion of 
treatment m which cases the disease will be permanently arrested by 
pemcilbn and in which it will be only temporarily suppressed At 
the moment one can only follow the course of these patients The 
finding of an orgamsm that is susceptible to pemcillin in a patient 
who is m good general condition does not necessarily ensure success, 
and the persistence of fever, embolic phenomena, splenomegaly, leuko- 
cytosis, and an elevated sedimentation for several weeks after the com- 
pletion of therapy does not necessarily mean that treatment has failed 
An extreme example of this statement is furnished by the following case 

Ccfse 6 F M , a 29-vear-old man, had had the symptoms of sub- 
acute bactenal endocarditis for fourteen weeks before admission to 
the hospital He had lost 60 pounds and had become bedridden The 
day before treatment was started he had a cerebral embolus, and as a 
result he remained stuporous and partially aphasic throughout the 
entire time that he received penicillin At present he has no memory 
of ever having received the drug Prior to treatment two blood cul- 
tures positive for Streptococcus vmdans were obtained 

At the compleaon of treatment, except for the fact that the blood 
culture Avas neganve, the patient had showm practically no improve- 
ment Although the blood culture remained sterile, he continued to 
have fever until 7 14 weeks after treatment w^as completed On the 
ninth day after stopping treatment, embolism of the nght brachial 
arter}^ occurred and new petechiae appeared almost daily for the next 
SIX w^eeks Sevcnn’^-five days after treatment an enlarging pulsatile mass 
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over which a loud bruit could be heard, appeared in the nght lower 
quadrant of the abdomen It was thought to be a mycotic aneurysm 
of the right common iliac arter)'^ It grew larger for ten days and then 
showed no further change m size 

It was not until six weeks after treatment was completed that we 
held any hope for this man’s recovery From that tune on, however, 
his improvement was progressive Six months after fimshmg treatment, 
he had regained his normal weight, there was no anemia, and the 
white-ceU count and sedimentation rate W'^ere normal For the last 
seven months he has been workmg full time as a draughtsman 

Acute bactenal endocarditis commonly mvolves previously undam- 
aged valves and is usually caused by the ordinary pyogemc cocci, 
namely, the staphylococcus, the pneumococcus, and the hemolytic 
streptococcus, although cases due to other orgamsms are occasionally 
encountered 

It IS well recogmzed that tins disease manifests itself m nvo dis- 
tinct forms— cases in which infecaon of the endocardium is primary 
and those in which it is secondary In the primary form of the disease 
the patient presents the signs and symptoms of a constituuonal infec- 
tion without any evidence of localization The blood culture is usually 
positive, but the diagnosis, particularly m the early stages of the dis- 
ease, IS difficult Frequently it must be made by exclusion The pathog- 
nomomc signs, such as the appearance of new or changing heart mur- 
murs and the development of petechiae or other embolic phenomena, 
may be absent until late in the disease, and occasionally never develop 
In such cases, the diagnosis may not be made during Me, unless one is 
willing to conclude that the finding of one of the above orgamsms m 
the blood cultures over a penod of several davs in a patient who presents 
no signs of a localized infection is sufficient evidence for strongly sus- 
pecting the diagnosis 

Much more frequent is the secondary form of the disease, in which 
bactena gain access to the blood stream from a frank focus of infec- 
tion and only later become miplanted on the endocardium The diag- 
nosis here may also be difficult, because agam the pathognomonic 
signs are often absent and attention is usually fixed on the primary 
focus It IS not unusual in such cases for the diagnosis of bactenal 
endocarditis to be suspected only when progressive improvement in 
the primary lesion forces one to look elsewhere for the cause of the 
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patient’s cononmng symptoms and bacteremia 

It IS doubtful whether before the introduction of penicillin any 
patient with the unmistakable signs of acute bacterial endocarditis, 
other than a few patients with infecuons caused by the gonococcus, 
ever recovered During the last two years several patients m whom 
there could be no doubt as to the diagnosis of acute bactenal endo- 
carditis have recovered under treatment with pemcillin It is not un- 
likely that others m whom the disease has not been diagnosed have 
also recovered The results reported to date indicate that the recovery 
rate from acute bactenal endocarditis is approximately 45 per cent in 
cases caused by the hemolytic streptococcus, 35 per cent in cases 
caused by the pneumococcus, and 25 per cent m those due to the 
staphylococcus 

Little IS yet known as to what constitutes an optimum schedule 
of treatment in this disease This derives partly from the fact that m 
contrast to subacute bactenal endocarditis, in acute bacterial endo- 
carditis the issue is usually settled rather quickly The patient eithei 
recovers or succumbs to his infection within a few days, and there is 
little opportunity to expenment with dosage Likewise, the fact that 
in many cases the diagnosis has not been established until after the 
patient has died, or occasionally until after he has recovered, makes 
It even more difficult to mvesogate the value of various treatment 
schedules The next case illustrates the fulminating course that many 
of these patients foUow 

Case 7 M R , a 45-year-old woman, had been sick for only four 
days prior to her entry to the hospital The sole complaints were fever 
and headache Physical examination showed numerous pustular pete- 
chiae, but no abnormal cardiac signs could be elicited The blood 
culture showed 4,000 colonies of Staphylococcus aureus per cubic 
centimeter Following the administration of 200,000 units of penicillin 
daily the blood cultures became sterile, but the patient grew steadilv 
worse, developed anuna, and died in shock after five days of treatment 

Autopsy revealed the presence on the mitral valve of several fresh 
bacterial vegetations from which Staphylococcus aureus could be cul- 
tured There was no evidence of pre-existing vahnilar disease 

It seems clear that m most cases prolonged and intensive treatment 
IS advisable, but it is quite stnkmg that an occasional patient has re- 
covered after relatively bnef courses of therapy 


Treatment of Vartmis Inf cottons with Pentctllm 597 



Fig 6 (Case 8) — Chart of a patient with acute bac- 
tenal endocarditis caused by a B liemolytic strepto- 
coccus In this case an aortic diastohc murmur first 
appeared 22 da}s after the last positive blood nas 
obtamed and 13 days after treatment with pemcillm 
lias completed This patient subsequently developed 
severe cardiac failure but no further signs of an active 
bacterial infection could be demonstrated 


In patients \vith acute bacterial endocarditis who have developed 
vahnilar defects, the appearance of severe cardiac failure after the 
infection has been controlled, has frequently consntuted a serious 
obstacle to complete chmcal recovery Some of these patients have died 
withm a few weeks or months from cardiac failure, others have re- 
mamed seriously mcapacitated 

One obsenration of considerable mterest has been the fact that m 
several patients significant cardiac murmurs have not developed until 
one or more M^eeks after the infection has been eradicated and treat- 
ment has been completed 

Case 8 (Fig 6) O H , a 56-year-old man, developed an acute 
tonsillitis with high fever nme days before entry to the hospital Sul- 
fonamides were admmistered for five days, without improvement On 
admission he was acutely dl The only locahzmg signs of mfecoon 
were a subsiding acute tonsillitis and minimal signs of bronchopneu- 
monia m the left lower lobe No cardiac abnormalmes could be made 
out Three blood cultures taken withm the first twenty-four hours 
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were positive for beta hemolytic streptococci and intramuscular peni- 
cillin therapy at the rate of 15,000 units every 3 hours was begun and 
continued for eight days At the end of this time the patient appeared 
to have recovered from his infection and the penicillin was discon- 
tinued A low'^-grade fever persisted for a few'- more days and then 
disappeared 

The patient W'as allowed out of bed and W'as being prepared for 
discharge w'hen on the twenty-third hospital day, thirteen days after 
the completion of treatment, a loud aortic diastolic murmur w'as heard 
for the first time The patient left die hospital against advice three da-v s 
later \^'ithin three w'-eeks he returned in severe cardiac failure, from 
v'hich he w as still incapacitated four months after the complet on of 
treatment Repeated blood cultures have been negative 

Ihe appearance of aortic diastolic murmurs after the completion 
of treatment has been obsen^ed m other cases Dr Keefer has called 
attention to the fact that henceforth healed acute bactenal endocar- 
ditis, including both cases in wdiich the disease has been recognized 
and those m which it has not been, wall have to be considered as one 
of the causes of aortic regurgitation 

In conclusion, it can be said that the diseases discussed above are 
only selected examples of how' the introduction of a new' and potent 
chemotherapeutic agent may alter the course, prognosis, and manage- 
ment of disease It is safe to predict that today w'e have only glimpsed 
the important changes that penicillin is going to effect in many of the 
common and uncommon infectious diseases encountered in mediciil 
practice 
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the vast disciphne of medicine expands can see ever 
more clearly hoM' deep and complex are its bonds with 
the universe For medicine deals with human disease and 
that m rum embraces man as well as his environment 
The man is of special significance because he is the 
product of preceding eons during which, by slow and painful evoluaon, 
lus fate has been detennmed Those forebears w'ho occupied low^er 
branches on the tree of life struggled up from the ocean to gam a pre- 
carious hold upon the land In the sea their bodily humors w'^ere at one 
wnth their environment, but as they came ashore protective mechanisms 
were devised to stabilize this inner medium w^hich bathed their cells 
and to insulate them against an alien outer world The adjustment to 
this change of atmosphere WTought hardships and provoked many 
larieties of biological design— some successful, others not But one of 
life s main resources in its battle wuth a changing environment w^'as its 
owm infinite adaptability^ w hich has led to the complete individualization 
of each person Through all these changes complexity^ mounted and 
after the establishment of an autonormc nenmus and smooth muscle 
system w Inch adequately mediated all the life-maintainmg functions, 
the high if not ahvays w^ise control by reason supen ened 

In the past half centur}'^ the transmission of all these accumulated 
characters has been shown to be effected by materials earned m the 
chromosomes of our germ cells No man or wnman can hope to escape 
the influences wduch flow’’ from inherited chromosomal tissue, be they 
good or bad Nor can the many protoplasmic products of these ever 
be expected to reach their appomted end unchanged For the impres- 
sionable and reactive cell, wuthm the himts of its nature, is mevitably 
altered to a greater or less degree by manifold forces from without It 
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IS because of the foregoing reasons that individuals differ m appearance 
and that each reacts in a different personal fashion to any stimulus The 
effort to comprehend the mechamsm of these variations and how or why 
they become part cause of human disease is a major challenge to medical 
biologists 

The three sick people who provide the text for this essay are sta- 
tioned at different points along the arch which spans the whole range of 
chmcal medicme The first was a Greek cook who had never known a 
sick day m the forty years of his life For three months before his illness 
his busmess had been going badly, but he had not informed his wife of 
this fact because he did not want to alarm her He admitted, however, 
that he was greatly troubled and said, “When you figure you can t 
make ends meet, that’s sufficient ” At the start of his illness he developed 
ten boils on his left thigh but sulfathiazole ointment sent him back to 
work in two weeks One month later a large carbuncle appeared on the 
buttock accompanied by chills, aches and pains Surgical drainage, sup- 
ported with sulfathiazole by mouth, again returned him to work in 
two weeks Eleven days after this chills and fever with more general 
aches and pains brought him to the hospital Next day signs of spott)" 
consolidation appeared, giving the impression of an interstitial pneu- 
monitis, curiously enough without cough The white count and the 
E S R were elevated and the blood culture grew out hemolytic Staphy- 
lococcus aureus m all flasks 

Heavy dosage of sulfonamides and also penicillin controlled the in- 
fection and thirty-five days later he left the hospital cured After his 
recovery he was fully aware of what the drugs had done for him and 
recognized that they had saved his life “However,” he said, “I was 
terrified all through and even m my delinum I was fighting to get back 
to fresh air and sunshine I was ambitious to get well ” His morale had 

been held high throughout 

The next person, who at slx and one-half was as tall as a nvelve 
year old, had been bom with a permeal hypospadias Five separate 
operauons had failed to correct this condition Then, as time passed, 
other inappropnate growth phenomena appeared When he was seven, 
for example, his skeletal age equaUed that of a ttventy-five year old adult 
In addmon the child’s musculature xvas precociously massive, hair ex- 
cessive and voice low-pitched and strong The penis was as large as 
that of a full-groivn adult but no testicles could be found on physica 
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cxammaDon Analysis of the 24 hour urine shoAt ed a 1 7 ketosteroid ex- 
cretion of 29 6 mgni One would normally expect 3 to 4 mgm m a boy 
of his age At operation, an almost complete set of female generative 
organs were found and removed Dr Earle Engle’s report on these tis- 
sxics follows 

“The ovanes with normal stromata resemble those of a prepubertal 
cliild But in the mesovanum there was a mass 4 mm in diameter n^hich 
exhibited the structure of adrenal cortex Throughout the removed tis- 
sue numerous rests of adrenal cortex were found Apparently, there is 
no evidence of testicular tissue, although some remnants of the \\ olf- 
fian (mesonephric) duct tubules are present ” 

In addition to the removal of the pelvic organs a partial corticectomy 
of a much h^'pertrophied adrenal gland was done 

Tlic child possessed fair intellect and a certain mature poise but it 
n as perturbed by its genital derangement and by the precocious devel- 
opment of form and exterior aspect, which belied its geneacally pre- 
determined sex It was dl at ease and resented too close inspection 

Finally, the third person, an 18 year old Russian jewess, was com- 
pleting her high school course, wherein she had achieved distinguished, 
although to her, unsatisfactory'^ academic standing, when her menses 
diminished and her weight fell off Her greatest weight had been 126 
lbs three years before she entered the hospital At the time of entry' she 
weighed but 71 On admission she gave a clear history of having been 
ridiculed by her schoolmates because of her fat body She had no boy 
fncnds and spent all her spare ume vnth her parents There y\ ere no 
siblings She was very short, approximately five feet one mch Her face, 
broad in its frontal and bizygomatic areas, suddenly seemed to disap- 
pear at the chin Her mandible was so small as to give the impression of 
the fetal jaw-skull relationship Moreover, the teeth were diminutive, 
ilniost like deciduous ones, and each tooth stood separate from its neigh- 
bors The hands were tiny and resembled those of a 6 or 7 year old 
child, and there was marked digital hyperextensibility Her menses had 
begun at the age of 10 and they were regular until 3 or 4 years later 
n hen they gradually diminished and ceased altogether with the onset 
of \\ eight loss ConstipaDon also supen'ened and this she could only 
combat by dnnkmg 6-8 glasses of water A^^hen her bladder n as full 
she said she could mo\e her bowels She therefore displayed a tendency 
to polydipsia and polyuna Recently an increased gron th of hair on 
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extremities and face appeared The basal metabolism was— 36 There 
was also a delay m water output Folio wmg the ingestion of 1000 cc 
she required twice as long to excrete the excess as would the average 
person This slow type of excretion is found m patients with antenor 
lobe pituitary deficiency such as chromophobe adenomata or true Sim- 
monds’ disease 

A detailed descnpuon of her chnical course would be superfluous 
here It is typical, however, and fulfilled all the requirements of anorexia 
nenmsa as laid down by R F Escamilla and H Lisser^ and by J H 
Sheldon “ Our present purpose, however, is not to discuss the differential 
diagnosis in the case but rather to point out that in the morphology 
and physiology there appear defimte indications of genetic as well as 
growth and development faults These faults are clearly in the system 
controlled by the pituitary-adreno-gonad assemblage 

Discussion 

Every ailing person presents a unique climcal challenge, but these 
three have been selected to illustrate the biological common denominator 
which they share 

The first case presents an example of direct collision between an 
adverse element in the bacterial segment of the man s environment and 
his own personal immumty It is of course well known that there are 
great variations in racial and mdividual powers of resistance to infec- 
tion and practmoners have long recognized familial susceptibilities to 
given types of infectious agents Obser%^ations of this kind point to the 
probabihty that genetic factors play an important part in such maladies 
This concept is further supported by Webster’s'' demonstration of the 
mhentance of mouse brain suscepnbility to encephalitic virus It is also 
accepted that prolonged or transient adverse factors may reduce the 
threshold of resistance Such commonly known predisposing factors 
as wet feet and over-faague from physical or emononal over-strain may 
act indirectly upon the immunity panel of man But I have been unable 
to find impeccable evidence that symbolic traumata act directly upon 

this phase 

Our Greek cook could recall no chemical or physical resistance- 
lowering stmiuh which preceded the boils How much the man’s anxiety 
over the threat to his business contnbuted to the specific lowering o 
his immunin^ mechanism cannot be determined by any definite metho 
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The suggesuon that it did so must remain purely conjectural, but a 
denial of that possibihty is equally without foundaaon The major 
therapeutic plan was to support the man’s failing immumty by general 
measures and to counterattack the staphylococcus tilth appropriate 
drugs The cure m this instance was effected by the use of extraneous 
chemical agents— sulfonarmdes and penicillin These substances grappled 
directly ivith an equally alien invader The battleground, however, was 
laid within the patient’s failing body, although the combatants, namely 
staphylococcus and drug, were both quite foreign to that structure 
The miplicaaons in the account of his delirium, however, point obvi- 
ously to the importance of any therapy \\ hich might lift his spint and 
fortify his “ambition to get well ” 

The variety of troubles which the intersex patient has faced and 
y ill ccntmue to meet throughout his life can be placed squarely at the 
door of congemtal faults in growth and development But to the wise 
physician will fall the task of guiding this biological anomaly toward 
a plan for the best possible adjustment to life As is tvell known, in 
congemtal errors both genetic and intrautenne factors often share the 
blame Nowhere, however, is the situation more complicated, and soil 
to a large degree obscure, than in the sphere of sex establishment Most 
biologists agree that sex determination is not an absolute phenomenon 
by any means, but they accept the fact that the xx and xy chromosome 
combinations are potent factors m the process These are the primal 
determmants of sex AVillier^ has shown, for example, that m the 96 
hour chick embr^m the gonad rudiment (includmg the M’olffian body) 
can be transplanted into the chono-aUantoic membrane of a host em- 
bryo of either sex without altenng the graft’s capacity for self-determi- 
nation In other words, the indifferent gonad rudiment appears already 
to be organized as to its sex 

Contemporary students of endocrmology place great emphasis upon 
hormone control of sex In the present case the evidence provided by the 
excessive 17 KS excretion and the hypertrophied adrenal cortex cor- 
relates positively with the chmcal exaggeration of mascuhne characters 
and this notwithstanding the presence of female organs m the pelvis 
But the truly remarkable thmg about such a paradoxical situation is that 
the health and life of the mdividual is not necessarily threatened, only 
that of postenty It would seem that so far as the first law of nature, 
self-preservation, is concerned the male or female character of the gonad 
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js uminportant Indeed eunuchs and eunuchoids may live in good health 
to old age Furthermore, as Lilhe remarks, sex is “not an irreversible 
predestination but a quantitative over-balance m the direction of one 
sex or the other ” The origmal sexuality is clearly determmed by some 
interplay between sex chromosomes as well as by cytoplasmic con- 
tnbutions In each new organism, therefore, the sex is established at 
the moment of fertilization, long before the appearance of Muller’s 
ducts or Wolffian bodies Followmg impregnation there exists a vanable 
period of time dunng which the gonad type is not manifest- At the 
end of this time, when the nature of the gonad is declared, the endo- 
cnne glands begin to function and exert powerful mfluences upon the 
physiology of the maturing mdividual As AJE Sevenughaus*^ ivntes 
It has been estabhshed beyond question that ‘genic balance’ 
(xx, xy) m the chromosomes of germ cells sets up either a male or 
female pattern, which under normal circumstances wdl develop into 
an mdividual of specific sexuahty In man the pattern is so delicately 
balanced that additional factors may stay or change the anginal course 
of dei^elopment Thus, while sex pattern is determmed by genic balance 
in the chromosomes, the successful achievement of that pattern is de- 
pendent upon proper superimposed influence of hormones ” 

However, the hormones cannot alone be responsible for their super- 
imposed mfluence upon the embryo of which they are themselves a part 
The same chromosomal stamp which the endocnne cells bear affects 
all the cells of every tissue m the body The latter can only respond to 
the curculatmg hormones m a manner equally specific as that which 
marks the secretmg cells themselves Thus, m the case of a gemc male 
pattern, for example, the production of androgens (17 KS) is pre- 
sumed to be higher than the estrogens, and the body cells to be appro- 
pnatively reactive In females the reverse is expected In the present 
mstance the gemc plan had etndently been for a female, but unknown 
faults m development led to great* over-production of androgen by the 
hjqiertrophied and scattered adrenal cortex The ongmal design was 
thereby greatly disturbed 

Possibly the foregoing mechamsm determmes the important phe- 
nomenon known as the androgynous mosaic, maleness withm the 
female and femaleness withm the male The gonads themselves arc 
chiefly concerned with posterity through the production of egg and 
sperm The effects of their hormones are to large extent determined bv 
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the nature of the e\tragenital tissue cells which they bathe 

So far as the individual’s sense of personal security, or ego identity, 
IS involved, it is essential that the androgyny, or e\tragenital phase of 
se\ should be clearly appropriate to the genic or primary sex plan Any 
diminution in a female’s sense of preponderant feminimty or any aware- 
ness of elevated masculinity may arouse unexplained doubts from which 
flow multiple apprehensions Precisely the reverse of this situation occurs 
in the gemcally preordained male In his case even minimal emphasis 
upon the feminine character may be bitterly resented and confront him 
with a fear-provoking threat It is not easy for the average male to 
accept his genic endowment of femmine characters with equanimity 
For, notwithstanding the fact that they may be of value to him m 
situations where the faculties of intuition, sensitiveness and under- 
standing are requu-ed, he is more apt to resort to one of the twm other 
available courses of action, flight or fight Either the adolescent, gymc- 
stamped male will retreat to the maternal protectorate, w^hich is often 
masked as chiomc invalidism, or he is driven violently by a compensa- 
tor}^ andnc urge u hich may lead to heroic exploits or to alcohol, 
venery and final frustration The energ\^ which mobilizes such conduct 
IS gathered from every cell m his body 

Although all these extragenital manifestations of sex exist, the popu- 
lar term sex problem” is commonly used to refer to tragedies which 
color the intmiate relationships of men and women Indeed, psychiatry 
and psychoanal)^sis have not especially emphasized the significance of 
sex biology unnl Zilboorg’s® recent fine review of the subject It is 
notable that from the Biblical admonition “Go, and sm no more” down 
to the Freudian formulations the biological foundauons of human sex 
conduct have been unden^alued And from the Delphic oracle, through 
the history of Catholicism, to the present era of psychotherapy, people 
have always been more strongly moved by the mysncal dissolution of 
ailments than by the demonstrable mechanisms of their own natures 
Moreover, the psychoanalytic thesis of retardation and arrests has em- 
phasized the concepts of sm and guilt which always grow up hke weeds 
about a shattered totem or taboo Such crimes subject the miscreant to 
fear of pumshment wEich is expressed m mental confusion and suff ermg 
or m the so-called conversion phenomena observed in the signs and 
symptoms of bodily disease But, from the medical biologist’s point of 
view, problems m sex are only those resultmg from the twisted mter- 
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play of heredity and environment on body protoplasm Sex problems 
in the popular sense, on the other hand, actually turn out to be fear 
problems And so, fear, that master stimulus to the physiology of self- 
presentation, promptly mobilizes adrenalin which variously influences 
each and every tissue cell 

In view of the powerful genetic and endocrine forces, which by 
their faulty expressions establish the biological basis for threats to life 
and ego, it is difficult to understand how post-natal emotional factors 
alone can have so great a bearing upon sex-motivated conduct as some 
have attributed to them On this point one is forced to question the 
arbitrary position taken by Freud^ in his third preface to “Three Con- 
tributions to The Theory of Sex ” He writes 

“Besides its thorough going dependence upon psychoanalytic in- 
vestigation I must emphasize as a character of this work of mine its 
intentional mdependence of biological investigation I have carefully 
avoided the mclusion of the results of scientific investigation in general 
sex biology or of particular species of ammals in this study of human 
sexual functions which is made possible by the technique of psycho- 
analysis ” 

Freud himself, of course, like any other independent investigator, is 
not to be cnticized because he chose to repudiate the stem disciphnc 
of scientific method or that he espoused a speculative and hterary ap- 
proach to the vital responses of hvmg forms He possessed the same 
kmd of personal conviction which has led other great men to change 
their pohtical or religious behefs and that is to be respected But m the 
face of well-estabhshed and gro^vmg knowledge of biological fact can 
we physicians who purport to be interested m the ailmg man as a total 
orgamsm, ^vlsely make such a sweeping exclusion of those physical and 
physiological elements which compose the htnng presence of the pa- 
tient^ How can the neurotic conduct which is said to arise from in- 
fantile sex thoughts and phantasies, as portrayed in dreams and odd 
behavior, be thoughtfully comprehended unless the genetic, anatomic 
and physiological substrates of sexuality be properly assessed? 

If, for example, it is assumed that emotion arising de novo from the 
penumbra penetrates the entire orgamsm and starts hormone secretion, 
the protoplasmic reaction thereby provoked m the body cells must still 
depend to large extent upon the genetic nature and condmoned habits 
of those very protoplasms Moreover, as has been recognized for man\ 
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years and much emphasized by Adler® and other psychoanalysts, the 
threat to secunty, based on an inner sense of corporal mcompleteness 
or inadequacy, is the parent of fear Consequently a clear understandmg 
of the patient’s biological faults may help the physician to comprehend 
that fear and allay it through an educational form of therapy But m 
addition, certam symptoms which anse from lesser maladjustments in 
the androgyny can often be helped by appropriate use of hormones 
The very name anorexia nervosa at once imphes that the major cause 
of the young Russian girl’s sickness is “purely” psychological More- 
over, the psychiatrist’s note m her chart states that “from the psychi- 
atric pomt of view this is a verj'^ typical case of anorexia nervosa ” But, 
because of the obvious faults m the patient’s physical growth and de- 
velopment, there is much to be said for a physical and physiological 
ongin of the malady Indeed, those stigmata are so emphatic and so 
often seen in other similarly afflicted persons that one is justified in 
*^hat this mdividual is a typical representative of those persons 
who may express their inadequacy m this strange disease picture. 
Though her 17 KS excretion of 103 mgm for 24 hours is within 
normal hmits there are morphological mdications of more than average 
emphasis upon the andric component These are to be seen in the heavy 
bones and big jomts, the wide shoulders, the contours of the thighs and 
legs and the distribution of muscle tissue which became visible as fat 
disappeared More noticeable, perhaps, and more consciously appreci- 
ated by the patient herself, was the loss of menstrual function and the 
increase in hatr which grew m andric patterns As was mentioned in the 
preceding discussion, the concept of inappropriate or mcomplete sex 
differentiation constituted a basic threat to ego security The startmg 
pomt of the girl’s difficulty may well have been the deep inner con- 
tusion produced by the congenitally distorted sexuality The over- 
emphasis upon her andnc component was only sufficient to stimulate 
but not to satisfy what psychoanalysis has termed the “masculme pro- 
test ” It is mterestmg m this connecoon that perhaps the first symptom 
v'as the disappearance of menstruation From then the neurosis de- 
1 eloped mcreasingly Her ostensible reason for reducing her diet v^as 
the fear of bemg ridiculed as obese This rationalization was re-enforced 
by her lack of masculme admirers But the genetic stamp and the sub- 
sequent grovth and development asymmetnes had prepared the way 
All of the reported charactenstics which are m the zone of the pituitary- 
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adreno-gonad control are obviously the product of her chromosomes 
in collaboration with the intrauterme and post-natal environment In 
this patient they show a strong andne trend When these chromosomal 
foundations are very skew, one can expect vital functions to deviate 
from normal to an mcreasmg degree as the pressure of life increases 
with age 

The stones of these three sick people hold a deep significance for 
us They illustrate that beneath each climcal syndrome there is a com- 
plex common denominator composed of human protoplasms and their 
sharply mdividualized expressions Underneath them all he the proto- 
plasmic factors which were ongmally brought up from the sea Some 
of these ancient characters, shared by every animal species which has 
existed, are now demonstrable Recently Schmitt, Hall and Jakus” have 
shown by means of the electron microscope that collagen fibrils of 
identical structure are found m a vanety of livmg forms and of some 
hvmg fossils, such, for example, m reverse order of remoteness, as 
mammals, amphibians and mollusks New and divergent mechanisms 
which developed m response to new demands of environment have 
resulted in the differentiation of the species, and then, within the species, 
of individuals The latter hkewnse display great diversity not only 
between total personahnes but even m the cell type pattern which each 
man’s leukocytes develop m vital cultures of the huffy coat of his 
blood These recent findmgs reflect LandstemerV^ vision and later 
demonstration that different individuahties could be recognized in the 
cellular and chemical nature of the blood itself And this fact Landstemer 
believed was a parallel phenomenon to the specificity of tissue trans- 
plants which has long been known to surgeons and recently so well 
demonstrated by Leo Loeb 

The chromosomes of our germ cells contain all these ancient and 
recent characters which dominate the descendent individuals and their 
separate parts Then, through some accident of breeding or nurture, 
the established balances are disturbed and the resulting imperfect crea- 
tures are cast upon the world In their effort at adjustment the vital 
reactions of these madequate mdividuals become the signs and symptoms 
of disease which dnve them to us for relief Being physicians we are 
obliged to deal wath them as best we may, according to the established 
lau^ of nature 
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considering the complicated subject of arterial hyper- 
tension It IS appropriate at this time to review the ex- 
periences with psychotherapy Both m this approach 
and in others there is admittedly a great deal that we 
do not yet know Professor George Santayana used to 
talk about defining the limits of our ignorance What are these limits^ 
^^’^e do not know, for example, whether the process is a reversible 
one, whether the impulses which give rise to arteriolar constriction 
are humoral or neural in origin, or both In spite of the brilliant re- 
searches of Goldblatt^ and others, we do not know what part the 
kidneys and the renal circulation play in bringing it about Indeed, it 
would be hard for us to define this disease further than to say that it 
represents a morbid state in which elevanon of the systolic and diastolic 
blood pressures— either fluctuating or constant— occur in association 
with artenolar vasoconstnction We do not know why the life ex- 
pectancy of some is unaffected while others succumb quickly to the 
malignant form 

Once we thought that hypertension was associated with a certain 
bodily habitus— that it was more prone to exist among the short and the 
squat and the red-faced Those of you who have occasion to see patients 
suffenng from this disturbance have found them to be lean and spare, 
tall and pale-faced as well According to Page,- “an accurate correlation 
of body build, height and surface area with arterial pressure cannot be 
established” Again citing Page as my authonty, and contrary to gen- 
erally accepted beliefs, there is no sufficiently documented testimony 
to support the view that heredity plays a vital part in the genesis of 
hypertension He cautions against ascnbing too great importance to 
heredity and suggests that this aspect of the problem needs remvestiga- 
tion on a more comprehensive basis 

Read leforc ttic combined Sections of Neurologj Psjchiatrj and Surgery of The New 1 orb 
Academj of Medicine, April 10 1943 
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This then is part of the staked-out claim of our ignorance To 
outlme It IS not to underestimate the importance of recent researches 
and their contnbution to our understandmg of the physiological mecha- 
nisms of this disorder 

That It has sail another aspect is now rather generally accepted 
In this terrain our ignorance is even wider and more vaned It would 
be a challenge, mdeed, to plumb its depths and to chart its penmeter 
I am speaking now, of course, of the psychological aspects of artenal 
h)'piertension which some have attempted to explore Alexander,^ Men- 
mngerp hloschowitz,'^ Renme,® SauF and "V^^eiss® among others In 
collaboraaon \inth Nathan Ackerman,® I have myself put m four years 
at hard labor breakmg ground I cannot say that we struck gold, but 
I hope at least that we uncovered some facts These are to be pub- 
lished in a much over-due monograph of which the page proof has 
finally come through The work was supported by a grant from the 
Josiah Macy, Jr Foundation and was done m cooperation with Drs 
Cohn, Schroeder and Steele of the Hospital of the Rockefeller In- 
satute The invesagaaon was based on the climcal and psychiatric study 
of 24 paaents suffering from arterial hypertension 

I should hke to say here in parenthesis that the descnpnon of the 
personahaes of these paaents which I shall presently offer and which 
denves from our own work and, m part, from that of others does not, 
in all probability, apply umquely or exclusively to the hypertensive 
state, though none of our paaents differed widely from it I have, my- 
self, yet to be convmced that characterological studies made by those 
mterested in psychosomaac medicme have any specific eaological sig- 
nificance Not beauty alone but artefacts as well may dwell in the eye 
of the beholder 

The facts that appear from our own studies and from others’ are 
these Sufferers from arterial hypertension exhibit a disorder of per- 
sonality which has been conveniently described by the term “neurone ” 
This disorder manifests itself in their inter-personal relaaonships, m 
their sexual adjustments and often in their occupaaonal achievements 
They are characterisacally tense mdividuals given to states of anxiety 
and depression Much of then emononal tension can be ascribed to 
mhibited, but not deeply repressed, aggressive impulses It is often 
possible to trace the histor)'^ of this neuroac development of character 
to early childhood when the common feature is an extreme degree of 
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insecurity, with a greatly unsatisfied dependent relationship to a threat- 
ening parent Given this bad start the patient then falters through life- 
unable to relax, unable to enter into secure and satisfying relationships, 
always on the defensive, ready to fight but afraid to fight 

With this precarious adjustment the apple-cart of the patient’s emo- 
nons IS easily upset The death of a parent, or partner, a motor accident, 
the illness of a child, busmess reverses— almost any event which jeopar- 
dizes his secunty— which is felt either directly or by imphcation as a 
threat to his life— mcreases to an mtolerable degree the quantum of his 
anxiety and of his reactive depression In our senes of cases it was 
observed that the clmical discovery of elevated blood pressure frequently 
comcided with such a traumatic experience 

I do not wish to be understood as statmg that this disturbance of 
character or its ultimate outcome is the cause of hypertension It is, on 
the contrary, my suspicion that the psychological disorder and the 
physiological disorder each represents a different aspect of a more basic 
disturbance, the nature and cause of which is unknown— though its 
existence is often foreshadowed early m life 

What therapeutic imphcations are to be drawn from these observed 
facts and from this theoretical mterpretanon of them^* The first is that 
psychotherapy cannot be directed at blood vessels It can be directed at 
the emotions Its aim is to treat the person, not the vaso-constrictor 
mechamsm This must be kept clearly m rmnd What we can accom- 
plish will depend— as m any other therapeutic procedure— not only upon 
our skill, but also upon the material with which we are forced to deal 
It IS not a plasoc, easily workable one These patients have usually 
extraordinarily rigid personahties Their aggressions are fixed, they are 
not fluid or readily mobihzable If they were, they themselves would 
have spontaneously found a more satisfactory and less destructive ex- 
pression for them Much of their anxiety is absorbed m their symptoms. 
It IS not easily dislodged and when it is it may sweep over them and 
produce a state bordenng on pamc The underlymg depression is con- 
stantly bemg fed by the convicaon that they are sufferers from a fell 
malady, that fate has dealt them a body blow Each symptom winds up 
the mam spnng of them tension, increases their anxiety and undoubtedly 
reflects itself m their vascular apparatus Deep psychotherapy m this 
illness IS, therefore, no task for the bungler or the amateur It is as 
dangerous, as delicate and as difficult as surgery 
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Like the surgeon the psychotherapist must know something of the 
topographical anatomy of his patient His aims are to restore a more 
normal functionmg of the emonons Persuasion and reassurance, though 
important tools, are seldom sufficient They wdl not remove tough 
bands of connective tissue and they wdl seldom remove the strictures 
and inhibitions agamst which these patients hve their unfulfilled hves 

Again hke surgery, the choice of procedure will depend not upon 
pre-conceived doctnnaire generalizations but upon careful chmcal ob- 
sen'^anon It is as absurd to say that every patient suffenng from hyper- 
tension should undergo psychoanalysis as it is to say that every case 
of neoplastic disease should be operated upon The decision is based 
first of all on the patient’s abdity to stand operation, secondly upon 
the nature of the lesion and its accessibihty, and thudly upon the 
prospects for a successful result Surgeons no longer operate because 
there is nothing else to do, but rather for specific reasons empirically 
derived In the domam of psychiatry and psychoanalysis the same criti- 
cal standards are now happily bemg mvoked 

The surgeons have, to be sure, a great advantage over us, not only 
is their handiwork more precise, but theu results are referable to a 
statistic which it would be folly to assert that we possess W e have none 

Lacking a statistic we can at best proceed accordmg to certam 
rational principles I have stated what they are The problem is that 
of treatmg a severe character neurosis m which amuet}'', depression and 
suppressed aggression are the cardmal psychopathological features The 
method of choice will vary from cheerful neglect (based on that much 
vaunted common sense which we are all supposed to possess m such 
good measure) to deep ps)'^chological explorauon The latter you uill 
grant is a matter for the expert W'Tiat is to be hoped from it we can- 
not say There is as yet no evidence that psychoanalysis or any other 
ps^^chotherapeuGc procedure can reverse the physiological process or 
change the destmy of this disease— be it benign or mahgnant The prob- 
lem IS an open one It needs further mvesngaGon The ground has now 
been cleared for such an undertaking It is probable that we can do more 
by way of prevention than cure 

There is evidence that a correlation exists between levels of pressure 
and emoaonal disturbance and that suitable psychotherapy can ameh- 
orate some symptoms such as headache, faague, palpitaoon, dizzmess, 
shortness of breath and the fear which these engender 
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We have observed this ourselves and so have others AVeiss^® has 
stated for example “For some time now I have felt and taught that essen- 
nal hypertension cannot be eradicated by any psychotherapeutic process 
but that almost every patient can be benefitted by psychotherapy” In 
a review® of the records of 200 consecutive patients with symptoms of 
hypertension he selected 144 which “seemed to correspond to the 
clmical picture of so-called essential hypertension” (note the cautious 
conservatism of his words) Ninety-three of these lent themselves to 
satisfactory psychosomatic mvestigaaon and m only seven did he con- 
clude that psychic factors bore no relationship either to the onset of 
hypertension or to the production of symptoms Case I of his series 
shows a qmte remarkable comcidence between penods of elevated blood 
pressure and vaso-spastic retimds with anxiety producing episodes and 
with what Weiss calls penods of “throttled aggression ” 

In Alexander’s"* carefully studied psychoanalytic matenal he pre- 
sents blood pressure readmgs of 161/110 when his patient was emo- 
tionally disturbed as compared with 142/98 when calm SauF has made 
similar observations of fluctuations of blood pressure with mood and, 
more especially, with vanations m the mtensity of the so-called transfer- 
ence situation It must be borne in mind that fluctuations may occur 
spontaneously without reference to known therapeutic effects 

The most striking, umque and dramatic case m the literature is a 
patient of Lewis B HiU,'' who recaUed early in the course of psycho- 
analytic treatment a deeply suppressed childhood memory This was 
brought up with intense effect The patient exhibited an extraordmar)'’ 
degree of rage and guilt over a cliildhood experience in which his 
mother struck him with a pony whip The recall and rehving of this 
traumatic episode was followed by a crincal sustamed and endunng 
fall of both systolic and diastohc pressures Perhaps this single obseixM- 
tion IS a prototype of others to come But, in honesty, it must be said 
that from a clinical and physiological point of view the case is insuffi- 
ciently documented and the diagnosis remains open to quesaon 

Leaving now out of consideration all efforts at deeper psycho- 
dynamic inquiT)^ and turmng to the every day handling of these 
patients, I believe that our new knowledge can be put to effective use 
We are deahng with tender vessels They need to be protected from 
emotional strain, especially from demands upon a self-reliance thp: 
not possess There is no good in telling them to “buck up’ and forget 




il” They need the maximum of reassurance about the disease itself 
They need verj'’ much to feel that some one person is watching over 
them and mtII take on his shoulders the burdens of them worries They 
need to be encouraged to express them aggression, not by hurlmg dishes 
or epithets at them unices, but by dmected work and play and by 
physical exercise, if this is compatible with them cardiac reserve They 
need to be weaned away from an over-concern with the level of them 
blood pressure The expenenced doctor will vary his methods With 
some he will be frank, Math others he %vill be silent and to some he 
Mall have to dissemble The manner in M^ich this frightenmg fact is 
first presented to them is of the utmost significance If the doctor 
shoM^s his OMn alarm M^hen the mercurj'^ column tops 220 it is likely to 
be communicated at once to his patients 

It IS M'ell to remember that almost aU our therapy is in essence 
psychotherapy Drugs and sedatives, rest and exercise, diet and baths 
all have psjmhotherapeutic implications, and this is )ust as true of 
surger)'’ Tlie surgical amphitheatre has become the court of last resort 
in this illness Perhaps in time M^e Mall learn on M^hat findings nature 
bases her verdict— M'hy some patients respond to sympathectomy with 
1 reduction in blood pressure, a recession of reomtis and a merciful 
relief from headache, M^hde others do nor I hope that it Mall not be 
thought too “tender-minded” of me if I suggest that the attitude M^hich 
patients bring to the ordeal of operation may in some measure determme 
Its effect upon them For there are those who face it as they would doom 
md there are others mTo look upon it as a deliverance 
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to this case sound like a modem detective storj^^ He found lari'^al worais 
m all the skeletal muscles and mature adult worms m the intestmes of the 
patient Zenker visited the household m ivhich the sen^ant girl worked 
and found tnchina lan'^ae m the ham and sausage that was prepared from 
a pig that had been slaughtered 4 days prior to the onset of the girl’s 
illness In addition, all the members of the household, who had eaten of 
the meat of this pig, had fallen ill He concluded that the entire cycle of 
development of this parasite could take place in one host and that the 
trichina lan^ae were probably dissenunated through the body by way of 
the lymphatics and blood stream These conclusions are now known to 
be correct 

Soon after Zenker’s discovery there occurred m Germany two 
notable epidemics In the first epidemic which occurred m 1863 in 
Hettstadt, a toivn with a population of 4,000, 158 persons fell ill, of 
M'^hom twenty-seven died, a mortabty rate of 1 7 per cent In the second 
epidemic which occurred two years later m Hedersleben, a town with a 
populauon of 2100, 337 persons fell ill with mchmosis, of whom 101 
died, a mortahty rate of 30 per cent These two epidemics brought 
forcibly to the attention of the medical profession of Germany the great 
danger of eating uncooked pork As a consequence there was soon 
instituted m many parts of Germany a compulsory system of micro- 
scopic inspection of pork, and the meat of every ammal found to be 
tnchinous was destroyed Similar systems of inspection of pork have 
been in force m other countries of the world, mcluding Sweden, France, 
Argentina, and Chile Between the years 1891 and 1906 the United 
States Department of Agriculture was authorized by act of Congress to 
inspect all pork which was intended for export since American pork 
had largely been excluded from European markets on account of its 
frequent infection vuth tnchmae The Act of Congress authorizmg 
microscopic examination of pork did not however achieve its purpose 
and such inspection m the Umted States therefore was discontinued m 
1906 The label, “U S Inspected and Passed” on pork has no reference 
whatever to the presence or absence of trichinae, since non-processed 
pork bcanng this label may contain living tnchmae The Federal Gov- 
ernment does not exanune pork microscopically 

Method of Infection 

Man acquires the mfecaon almost exclusively from the mgestion of 



6 I 8 


THE BULLETIN 


pork containing viable trichinae The pig acquires the infection pri- 
manly from the consumption of bits of raw tnchinous pork in un- 
cooked garbage The meat fibers and the walls of the tnchina cysts arc 
digested m the stomach of the host, liberating the living tnchina lan^ae 
which develop within a few days into sexually matuie adult forms in 
the small intestine Begmmng at the end of the first week of infection 
and continumg for a number of weeks thereafter, the gravid females, 
imbedded m the mucosa of the bowel, deposit their living lan^ae into 
the mucosa, whence they enter the lymphatics and then the blood 
stream, traverse the capillanes of the lungs to reach the left side of the 
heart and are then thrown into the general systemic circulation whence 
they finally enter the striated muscle fibers At the time of birth, the 
lan»^ae measure approximately loo microns in length and 6 microns n 
diameter, the diameter therefore bemg somewhat less than that of a 
red blood cell 


Symptoms 

Withing the skeletal muscles the larvae enlarge and set up an inflam- 
mation which IS responsible for many of the symptoms of the disease 
At 1 7 days after mfection, the larva begins to coil and at about thirty- 
five days after mfecnon, it reaches its maximum growth and then begins 
to encyst within the muscle fiber which has undergone degeneration 
The degeneration of the muscle is attended by considerable inflamma- 
tion and edema and in heavy infections the inflammation and edema 
may be so marked as to give nse to violent symptoms In such severe 
infections, trichinosis may truly be a “ternble” disease Indeed, move- 
ment may be so painful that the patient may he in one position con- 
stantly for days, afraid even to move his eyes or his tongue, to speak, or 
even to swallow The heart is regularly invaded by the parasite and an 
inflammation is set up within the myocardium In moderately severe or 
in heavy mfections, the myocardins may be dangerous since it may 
cause sudden death or may lead to heart failure After some weeks, 
depending upon the severity of the disease, the inflammation in the 
heart, as m other stnated muscles, subsides Withm the skeletal muscles, 
the parasite if not destroyed, becomes well encapsulated and may remain 
viable for many years Within the heart, however, the parasite is regu- 
larly destroyed even though it has set up a severe inflammation Encyst- 
ment of TrichmeJla sptrahs within the myocardium never occurs An- 
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other danger of tnchmosis is that At hich results from capillary damage 
and petechial hemorrhages AAuthin the brain Encephalitis and menin- 
gius sometimes are found in acute fatal cases The incubation period 
vanes from two to twenty-eight days Avith an average of ten days The 
disease has been divided into the folloAtung stages (a) intestmal, (b) in- 
vasive, and (c) convalescent Most of the symptoms are due to the 
effects of invasion of the neAtdy-born larval parasites Particular mention 
may be made of supraorbital edema and fever, of the diagnostic sign of 
cosmophiha, and of electrocardiographic eiudence of myocardms 

Diagnosis 

Eosinophilia is the most important single diagnostic sign in tnchi- 
nosis It begins to appear as early as the tenth day, and reaches its peak 
dunng the third week of mfection There are several other laborator)’’ 
tests of diagnostic A’^alue An immediate type of allergic response may be 
obtained followmg the intradermal injection of a trichina antigen in a 
dilution of I 7000 or i r 0,000 This “immediate intradermal reaction” 
may be elicited on and after the 17th day following infection Specific 
blood precipitms and complement-fixing antibodies may be found on 
and after the 28th day of infection The demonstration of larvae AAUthin 
tlie blood, cerebrospinal fluid, or the skeletal muscle of the host is of 
prime importance in establishing the diagnosis Trichinae may likewise 
be demonstrated in portions of uneaten suspected meat In the examina- 
tion of muscle from the patient during life, the folloAAung methods may 
be used to detect trichina Ian ac i ) microscopic examination of fresh 
muscle Avithin a compressor or “tnchmoscope”, 2) maceration of 
muscle to detect young lan^ae AA'hich have not yet attained their full 
grouth, 3) digestion of muscle ussue of the pauent at 37° C for eight 
to 1 2 hours, using a digesting fluid AA'hich consists of i per cent hydro- 
chloric acid and i per cent pepsin, and 4) biopsy Serial microscopic 
sections should be made if neccssarv of the tissue taken for biopsy The 
diignosis of trichinosis is often not easy and is frequently missed since 
the s^'mptoms may simulate tliose of numerous other diseases A^Ten 
the correct diagnosis is suspected, appropriate methods of exammation 
\\ ill usinllv enable one to demonstrate the existence of the parasite 

Treatment and Prea entiox 

rreitmcnt is hrgelv s\mptomatic Bed-rest should be presenbed 
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unul all danger of heart failure or of complications has passed There is 
no specific remedy except that of prevention At the present time, pre- 
vention IS largely up to the ultimate purchaser or consumer of pork and 
consists pnncipally m thorough cookmg or sufficient heatmg of the 
pork and pork products The Federal government recommends that 
pork should be boiled at least thirty minutes for each kilogram of 
weight (22 lb ) Another approximate gmde for thick cuts of ham or 
pork IS to cook them one-half hour per pound All portions of cooked 
pork should be white Trichinae may also be killed within pork by 
methods of freezing In order to destroy by freezmg livmg trichinae 
withm cuts of meat not exceedmg six inches m thickness, governmental 
regulations requue that a temperature of not less than 5° F be main- 
tained for at least 20 days Incidentally, this temperature is within the 
range of deep-freeze cabmets, such as are used in the home 

Incidence of Trichinosis in United States 

In 1932, the meat of 14 million hogs was subjected to microscopic 
exammation in Prussia and tnchmae were found m only o 001 per cent 
of the animals or in 9 hogs per nulhon In 1933, the meat of 14 million 
hogs was similarly examined and only o 0008 per cent or eight animals 
per million were found tnchmous Dunng the years 1898 to 1906, the 
meat of 8 million hogs was microscopically exammed in the United 
States and i 41 per cent, or over 14,000 hogs per milhon, were found 
tnchmous The average incidence of trichinosis among hogs in the 
United States at present is as follows o 4 per cent of hogs which are 
fed cooked garbage, o 8 per cent of hogs fed grain, 6 4 per cent of pigs 
fed uncooked garbage and 15 per cent of animals fed slaughter-house 
offal A conservative estimate of the average mcidence of trichinosis 
among hogs in the Umted States at the present time is i 5 per cent 
Each year about 90 million hogs are slaughtered in this countr)'- If i 5 
per cent of these are tnchmous, and if each hog furnishes meat for 
about 100 meals, there will be consumed within the United States each 
year 135 milhon meals of pork containing tnchmae Fortunately, of 
course, m most instances the tnchmae will have been killed Too often, 
however, live tnchmae will be ingested and it is no wonder, therefore, 
that m recent surveys of autopsies in the Umted States, an ai^crage of 1 6 
per cent of the population should have been found to harbor tnchmae 
This figure is low, for when more thorough investigations are made, 
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the incidence at autopsy has been found to be as high as 36 per cent It 
M^ould be a conservative estimate to state that approximately 25 per cent 
of the general population of this country develop tnchmous infection 
durmg their life-time In other words approximately one person m every 
four becomes mfected with this parasite Fortunately the mfection is 
subclmical in the majority of cases It is estimated that at least 5 per cent 
of those who become mfected show signs of illness but that only about 
I per cent of all who are mfected become suflBciently ill to confine them 
to bed witli climcal tnchmosis The mortahty rate from climcal tnchi- 
nosis m the Umted States is 5 to 6 per cent It has been said that “trichi- 
nosis IS one of the major health problems m the Umted States” and that 
“the Umted States has the greatest problem of trichinosis of any coun- 
tr)’' m the world ” At the present time, the public is not sufficiently 
protected against the dangers of this disease 

Medico-legal Aspects 

From the medico-legal standpoint, the manufacturer or packer war- 
rants to the public generally that the food which he produces is fit for 
human consumpuon If the consumer becomes ill with tnchmosis, the 
manufacturer or packer of the tnchmous pork may be held hable be- 
cause of his neghgence m the preparation of the food or because of 
breach of the implied warranty of wholesomeness and fitness of food 
which IS sold for human consumption The majority of claims have been 
based upon the breach of imphed warranty and m most instances judg- 
ment has been rendered for the plaintiff 

Control Measures 

Smee pork is a desirable food, bemg rich m protem and fat and 
very nch m vitamm Bi (thiamme chlonde), is usually easily digested, is 
savory and nutntious, is it not amazmg that the public should have to 
consume it so often at the risk of health and life^ The danger of trichi- 
nosis appears to be particularly great in the case of sausage made Math 
pork which is Taw or insufficiently cooked or under-processed The 
situation today in regard to the control of tnchmosis may be hkened to 
that which prevailed m the dairy industry of this country thut)'- or 
more years ago, prior to the general adoption of pasteurization of milk 
Certainly no one wall now argue the value of effective pasteurization to 
the public as well as to the damy industry For similar reasons, methods 
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which are known to be effecnve in the destruction of hvmg tnchinae in 
pork and which do not produce injury to the quality of meat should 
be adopted throughout the Umted States at the earhest possible moment 
The costs of insntutmg measures which will safeguard the health of the 
pubhc must of course be borne eventually by the consumer but, as m 
the case of pasteurized milk, the consumer will be glad to pay this small 
extra cost m order to have the added measure of protection Inciden- 
tally, such protection must mevitably lead to a greater salabihty of 
pork products and a greater wilhngness on the part of the pubhc to 
consume pork The adoption of such protective measures by the pack- 
mg industry will be found to constitute good busmess practice 

Granted that some method should be adopted for the protection of 
the health of the public, let us consider what methods of controlhng 
trichinosis are available and practical In general there are three avail- 
able methods of control, as follows i ) microscopic mspection of meat 
from every slaughtered hog, 2) cookmg of all garbage that is to be fed 
hogs, and 3) processmg of all pork to render it free from viable 
trichinae 

I Microscopic inspection of pork Microscopic mspection of pork 
requires that one or more specimens of muscle from every slaughtered 
hog shall be exammed under the microscope for the presence of para- 
sites The arguments that this method is too expensive and too time- 
consuming for present-day high-speed Amencan needs are ridiculous 
No expense is too great as far as the health of the pubhc is concerned 
Furthermore, there are rapid methods of examination, such as the 
“phototnchmoscope ” Addiaonal time-savmg methods would no doubt 
be devised if necessar)^ Other countries have found microscopic in- 
spection practical and the method has been m vogue m Germany, 
France, Sweden, Argentma and Chile, m most instances for many years 
The Act of Congress which, begmmng m 1891, authorized the inspec- 
tion of aU pork which was intended for export, was repealed in 1906, 
prmcipally because the German government did not accept the cer- 
tification of the U S Department of Agnculture that the pork bearing 
Its label was free from tnchinae The chief vahd objections to the 
mspection of pork are r) there is a large human error m the micro- 
scopic mspection, 2) trichmae may not be found m the particular 
specimen of muscle exammed, and yet be abundantly present m other 
muscles, and 3) the pubhc may acquire a false sense of security m 
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eating pork raw, since it has passed microscopic inspection Thom- 
bury, in 1897, failed to find tnchinae m the diaphragm of approximately 
24 per cent of 1043 tnchmous hogs m which parasites were found m 
one or more of three muscles examined It is pnncipally the diaphragm 
from which specimens are generally taken in the microscopic mspec- 
tion of pork 

2 Feeding of choked garbage to hogs The feeding of cooked gar- 
bage to hogs would be an effective method of control if it could be 
umversally enforced Such enforcement appears to be possible in the 
case of large growers of swine, but it would be practically impossible 
to control small producers of pork and farmers who raise small num- 
bers of swme This method of control is considered to be the least 
practical of the methods which have been advocated 

3 Processing of pork Under the term “processing” are included 
methods of refngeration, cooking, smoking, salting, and any other 
means which may be employed if earned out according to regulations 
set forth by the U S Bureau of Animal Industry for methods which 
are effective m destroymg viable tnchmae withm pork and pork prod- 
ucts At the present time the only pork products which are rehably 
free from hvmg tnchmae are those which are manufactured m plants 
operating under governmental supervision, the products bemg processed 
accordmg to Federal specifications so that they may be eaten without 
further cookmg If the Federal government would require that all pork 
and pork products which are shipped m mterstate commerce shall be 
so processed as to render the meat free from viable tnchmae, and if 
local and state health authonties wotild adopt similar regulations for 
pork which is sold locally or withm the state, and if m addition, the 
Federal government and/or the local and state health authonties would 
require that all pork offered for sale bear the label “This product con- 
forms to Federal and/or local or State regulations for processmg of 
pork”, we would then have an effective method of control of tnchmosis 
Such a method would obviate the dangers present m microscopic m- 
spection and the weaknesses which are inherent m laws that require 
that only garbage which is cooked may be fed to hogs The responsi- 
bihty for the proper manufacture of pork and for guaranteemg the 
wholesomeness of the pork as a food would then be placed precisely 
where that responsibihty belongs, namely, upon the manufacturer or 
packer The loopholes m such a method of control would be few m- 
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deed and the protection which would be afforded to the pubhc would 
be adequate In short, the pork supply would be safe for human con- 
sumption 

We beheve that the most practical method of control of trichmosis 
m the Umted States is the method of processmg all pork It remams 
for the pubhc to msist that its health be adequately safeguarded against 
the danger of acquinng trichinosis in the pork tvhich it consumes 
There is no question but that sooner or later the pubhc will demand 
such protection 
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THE VALUE OF PROTEIN AND 
ITS CHEMICAL COMPONENTS 
(AMINO ACIDS) IN SURGICAL REPAIR* 


Co Tui 

Laboratory of Expenmental Surgery Department of Surgery 
Keiv York Utuversitj, College of Medicme 



p.SHSSSHSESHSE'Ohe role of protein nutrition in repair may be discussed 
under three headings i ) wound healing, 2 ) mamtenance 
of tissue mtegrity, and 3) convalescence I shall discuss 
the first two topics briefly, take up the subjects of the 
sS loss of mtrogen in disease, the consequences of protem 
loss to the body, and the madequacy of natural food to replemsh this 
loss Then I shall discdss our studies on convalescence, presenting our 
work m five categories Finally, I shall discuss the role of hydrolysates 
and ammo acid mixtures m chmcal nutnoon 

Wound Healing The older work by ClarU and Howes^ on wound 
heahng was brought closer to the chmc by the senes of studies by 


* Read before tfie Joint Session of the Section of Medicme and Section of Surgery, New York 
Academ) of Alediane, January 16, 1945 

The work described in this paper u'as initiated under a grant from Mead Johnson and Company 
and IS being continued under a contract recommended by the Committee on Medical Kesearch 
bcrvvecn the OfiFice of Scientific Research and Deielopment and New York University It was the 
product of the work of a team consisting of Drs Arthur MuIIin Wright, J H MulhoIIand (now 
Lt Col M C AU S ), Irving Barcham George R Gerst and raan> members of the Surgical Staff 
of New ^ork Universitv College of Medicine and the New York University Surgical Division of 
Bellevue Hospital, as nell as of Lilly Schmidt and her staff of chemists and Mary Coughlin and 
her nursing staff 
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Ravdin and his associates^’ ° on the relation between wound dehis- 
cence and hypoproteinemia in dogs These authors attributed wound 
disruption to two factors, edema and mcapacity to form fibroblasts as 
a result of the lade of buildmg material Whipple’^ m 1940 m his presi- 
dential address before the Amencan Surgical Society laid special em- 
phasis on the relation between the lag period of wound heahng and 
protem nutrition, and it is now the consensus of well-informed surgical 
opmion that protem deficiency plays an important role m wound de- 
hiscence 

Tissue lirtegnty The role of protem nutntion m the mamtenance 
of tissue mtegnty was suggested by our observations on non-neurologic 
cases of bed sores ® In this study a close association was found between 
the occurrence of bed sores and the plasma protem level, all patients 
with bed sores havmg levels mostly below 5 5 grams per cent and never 
over 6 35, and a negative mtrogen balance When the mtrogen balance 
was reversed from negative to positive, the bed sores healed promptly 
This findmg led to the formulation of the hypothesis that bed sores 
are pressure sores occurring in tissues which, as a result of bemg de- 
vitalized by protem deficiency, undergo pressure necrosis more readily 
than normal tissues It must be mentioned that bed sores do not occur 
m cases of nephrosis, even with a plasma protem level of 3 5 grams 
per cent It is possible that tissue edema, by more equally distributmg 
the pressure, prevents this 

Froduetton of Frotem Deficteiicy How is protein deficiency pro- 
duced^ In experimental animals it can be produced by a protem-poor 
diet, by plasmapheresis, or by a combination of both Clinically, simi- 
lar mechamsms are operative and m addition, a third one, namely, 
mcreased metabolic loss of nitrogen as a result of mjury or disease The 
combmation of decreased mtake and mcreased output can deplete the 
protem stores m a few days 

Decreased mtake may be caused by poor appetite, and it may here 
be said that appetite, while a good gmde to nutrition m health, is a poor 
gmde m disease The occurrence of actual nausea, vomitmg and pain 
also decreases mtake Then there may be poor absorption from the 
gastromtestmal tract as a result of diarrhea, of hyperpenstalsis or of a 
diseased mucosa Poor mtake may also be due to neglect on the part of 
the attendants, that is, a physician may not presenbe an adequate diet 
or fail to watch the patient’s nutntive status Many surgeons have de- 
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Tabie I 


NITROGEN CONTENT OF HOSPITAL WARD DIET 



Total nitrogen, gram 

Wednesday 

6^ 

Thursday 

14 827 

Friday 

8189 

Saturday 

6^11 

Sunday' 

8 6846 

Monday 

10888 

Tuesday 

12 484 

Total Nitrogen for ■neck 

65 94 

Average Nitrogen per day 

9 42 


veloped an over-dependence on blood transfusions, expecting an occa- 
sional blood transfusion to supply a panent’s caloric and nitrogen 
requirements for a week Lastly, the hospital diet may be sub-standard 
Chanty hospitals are the greatest offenders m this respect Table I shows 
the mtrogen contents of the basic diet of a chanty hospital for a penod 
of a week This basic diet was based on Sherman’s recommendanon^^ 
for healthy mdividuals but has been adopted mdiscnminately generally 
by hospitals as an adequate basic diet also for hospital patients It will 
be seen that on most days the mtake falls below the prescnbed minimum 
and that the average is m die neighborhood of 9 5 grams of mtrogen 
per day 

Increased Metabolic Loss The average mtrogen loss m the unne of 
a healthy adult is about 135 grams mtrogen per day ^ This amount goes 
doivn m starvation Durmg disease it may go up to two or sometimes 
three times this figure, as found by Cuthbertson^^ and confirmed by a 
number of other workers, proimnendy among them Browne,^ Al- 
bnghd® and Howard^® This mcreased loss has been attnbuted to a 
number of factors, among them mjury and autolysis of tissues and to an 
endocrine factor supposed to be elaborated by the cortex of the adrenal 
gland This increased loss has someomes been called “toxic loss of mtro- 
gen” or “catabolic loss ” Whether the mtrogen lost is all replaceable 
has been a moot pomt, some workers think this can be accomplished, 
while others do not As a result of recent work, it seems that the con- 
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Table II 

CASES OF BLRNS RE-ARRANGED ACCORDING TO PERCENTAGE OF 
BODY SURFACE INVOLVED 


Name 

Body Surface 
Biirned 
% 

Aye of Burns 
Days 

Nitrogen Loss 
Grams 
Perdiem 

F W (1) 

8 

40 

4 0T 

F W (2) 

10 

8 

1 68 

J Me 

16 

21 

2 98 

J W 

16 

23 

7 66 

J s 

16 

4 

1 79 

AB 

20 

2 

16 

J Mc(l) 

21 

15 

3 66 

J Mc(2) 

80 

C 

6 16 

MW 

40 

94 

6 46-1- 

AF 

1 

60 

4 

9 07+ 


ditions m which this loss has been thought irreplaceable have been nar- 
rowed down The question still remains In what disease states and 
under what conditions is this metabohc loss replaceable^ 

Loss in Exudates Another avenue of loss of mtrogen is m exudates 
and other body discharges This is comparable to plasmaphoresis m 
experimental animals Table II shows the amount of nitrogen lost per 
twenty-four hours m cases of bums It will be seen that A F., with 50 
per cent surface mvolved m bums, lost at least 9 grams of mtrogen per 
day (some leakage havmg occurred mto the beddings) This represents 
about 5 5 grams of protem or about one-third of the amount present m 
the blood Were it all to come acutely from the blood, this amount of 
loss alone would have led almost to the development of shock 

Table III shows the amount of mtrogen lost in the exudates of differ- 
ent surgical conditions S S had an avulsion of the perineum and back, 
covering about 15 per cent of body surface Three months after his 
mjury he was still exudmg 637 grams of mtrogen m twenty-four hours, 
which IS eqmvalent to 664 cc of plasma R W was a case of radical 
mastectomy who lost 4 26 grams of mtrogen in the first tiventy-four 
hours, dwindling down to i 2 grams m three days A G , who had an 
abdommo-permeal resection for carcinoma of the rectum, lost 622 
grams of mtrogen m the first nventy-four hours This loss had decreased 
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Taklp III 


NITROGEN LOSS IN DIFFERENT EXUDATIVE SURGICAL CONDITIONS 




Date of 


Total N 

Equxv tn 

Equiv tn 



Injtiry or 

Date 

Eoiided S4 

Proteins 

Plasma 

Name 

Dtagnotti 

Oparatwn 

Collect 

hrs , am 

gm 

CC 

SS 

Avulsion 
Perineum 
and Back 

7/7 

10/23 

6 87 

39 81 

664 


RW 

Radical 

10/26 

10/26 

4 26 

26 66 

446 


Mastectomy 

10/80 

12 

7 60 

126 

AG 

Abd-Perlneal 

8/18 

8/14. 

622 

88 87 

644 


Resection 

(Cancer-rect) 

8/16 

2 07 

12 97 

216 


OMc. 

Abd-Perineal 

8/9 

8/18 

6 97 

42 46 ■ 

707 


Resection 

8/21 

8 47 

2169 

723 


(Infected 

Cancer-rect) 


! 




FC 

Limg Abscess 
Pyofiiorax 


4/24 

9 67— ^ 

1 

59 8— 

996 

AC 

Empyema 



937 

6866 

976 

HL. 

Liver Abscess 
(6 cm. diam.) 

12/26 

12/28 

198 

12 68 

210 


to 2 07 in twenty-four hours Both of these cases suggest an eifort on 
the part of the body to seal off exuding surfaces O Me was a case of 
abdomino-penneal resection which was infected The loss m the pus 
nine days after operation was 6 9 grains but within three days after 
drainage was instituted, it had decreased to 3 47 grams F C and A C 
were, respecovely, cases of lung abscess with pyothorax and of empyema 
They lost respectively 9 57+ and 9 37+ grams, eqmvalent to almost 
1,000 cc of plasma or about one-third of the amount of circulating 
protem m the blood This magnitude of loss may m part account for 
the emaciauon and high mortahty observed m this type of case Our 
expenence with the bum cases makes us hopeful that chest cases of this 
type may respond favorably to full mtrogen replacement 

Consequence of Large Protem Loss Some of the consequences of 
large protem loss have been unphed m the remarks on wound heahng 
and on the mamtenance of tissue mtegnty and need not be repeated 
MTien the loss is large and acute, such as that which occurs m bums, the 
osmotic component of the blood can be so depleted as to cause shock 
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Tabm IV 

NITROGEN VALUES OF VARIOUS HOSPITAL DIETS 



Protem 

gm 

Total N 
gm 

iV in gm 
kgm 

Basic 

70 

11 2 

18G 

High Protein (1) 

120 

19 2 

82 

High Protem (2) 

180 

20 8 

84C 

Tolerance* 

192 

80 7 

612 


' By tolerance is meant the amount taken to the point of satiety 


In the cases of more chrome losses, although the hypovolemia may be 
better tolerated, the patient must be expected to be a poorer risk as a 
result of the hypovolemia 

The blood plasma level does not always indicate a diminished total 
blood protem but it may be safely stated that a blood plasma protein 
below 6 o grams per cent is mdicative of protem deficiency Five grams 
per cent is usually called the cnucal level of chnical edema 

Digestive disturbances m the form of delayed emptying time and 
even of vomitmg and diarrhea® may be symptoms This would cause a 
vicious circle m further decreasmg the mtake 

There is also evidence to show that annbody formation is hindered 
A set of mental symptoms m the form of confusion, apathy and in- 
contmence of urine and feces has also been noted to be associated with 
protem deficiency 

Lastly, convalescence appears to be retarded by protem losses which 
are not replaced, resultmg m long contmued weakness and incapacita- 
tion This we shall discuss later 

Inadequacy of Natural Food Assummg that the replenishment of the 
mtrogen lost is both desirable and feasible, the question arises as to the 
adequacy of natural food for this purpose Table IV shows the range of 
mtrogen values of the standard hospital diets It will be seen that the 
ceiling of mtrogen mtake is set by the “high protem diet” which con- 
tams approximately 20 8 grams of mtrogen Considenng that it takes 
more than i gram of mtrogen m the mtake to replace i gram of mtro- 
gen lost from the body, it is readily understandable how inadequate this 
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Fig I Impro\ eel bedside ergograpb with meehnnism enclosed 


“high protein diet” is to a person who is losing 20 grams of mtrogen in 
the urme and 6 to 9 grams in an exudate The gap betsveen the low 
ceding of mtrogen intake possible with natural food and the large losses 
occurring m trauma and disease can be filled to a fair degree of adequacy 
by protem hydrolysates such as amigen 

Convalescence I shall now take up our studies on convalescence m 
five climcal categones, namely, bums, gastrectomy, hermotomy, chole- 
cystectomy, and finally peptic ulcer, and incidentally show the value of 
hydrolysates Except for the cases of bums, the complete mtrogen bal- 
ance was followed m all of the cases for from a week to twelve days 
Also determmed were the body iveight and m many cases, the endur- 
ance as tested by the bedside ergograph 

The ongmal model of this ergograph was described m a previous 
commumcaQon The improved model is shown in Figure i The E T 
or ergograph time is the number of seconds a patient is able to lift a 
knoMTi weight until fatigue sets m Objection to the use of the ergo- 
graph has been advanced on the basis that both motivation and the 
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Tauia V 

NITROGEN INTAKE IN PATIENTS WIIH BURNS TED WIIH 
PROTEIN HYDROLl SATES 


Patient 

Onginal 
Body Wgt 
Kgm 

Area 

Burned 

% 

Total Daily\ 
N Intake 
gm 


Bqutv 

Plasma 

cc 

Remarks 

jrsj— ^ 

iV in gm 

Wf Kgm 

JC 

66 8 

10 

95 

0 62 

3644 

Sufficient 

J McN 

55 45 

30 

24 

043 

2500 

Insufficient 




25 6 

0 46 

2650 

Insufficient 




93 6 

0 61 

1500 

Maintenance 




42 2 

0 76 

4400 

Rapid Gain 

MW 

65 9 

50 

27 44 

0 42 

4570 

Insufficient 




86 

0 55 

3750 

Maintenance 




49 5 

0 75 

5160 

Slight Gain 




66 

1 00 

6875 

Rapid Gain 


learning process, which have been found to affect ergography on normal 
subjects, may mtroduce sources of error m tests m convalescence How- 
ever, the factor of motivation m severely ill patients may be considered 
a minor one, smce most patients are eager to show as good results as 
possible The matter of trainmg may also play but a small part, since 
these tests were made not more often than once m two or three days 
In any event, the results have been stnkmg and consistent, showmg a 
gradual increase when the patient improved and was on posmve mtro- 
gen balance, and a dechne when the patient dechned and was on nega- 
tive mtrogen balance 

The penod of recumbency has also been taken as a criterion of 
recovery, although it is only a relative one, smce the practice of forced 
early ambulation has itself shortened convalescence, perhaps by stimu- 
latmg appente and promoting an earher establishment of positive mtro- 
gen balance The patients reported m these five groups were all from a 
surgcal service that does not practice early ambulation, so that the factor 
of more prolonged bedrest is common to all 

Bi/r77S I shall first take up three cases of bums as sho^vn m Table V 
which have been reported elsewhere It wiU be seen from the table that 
there seems to be a fairly close relaoonship between the area of burned 
surface and the amoimt of mtrogen mtake necessary to mamtam nutn- 
aon Thus, J C, who had only 10 per cent of his body area burned. 
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rVBLE VI 

LOW XIIROGEK INTAKE P0S1GASTREC10M\ 


I<,ame 

N Intake 
Wt gm 

y Loss 
IVt a Day 
gm 

Days 

Under 

Sttidy 

Loss of 
Wt , Kg 

\ 

Return of 
\E T , Days 

Days 

m 

Bed 

Remarks 

PB 

04 

163 

8 

4 27 


23 


FMc 

04 

016 

12 

C69 

Notl2t)i 

17 


J S 

0-4 

207 

i 8 

3 89 


IT 


D I 

052 

1C5 

1 

11 

1 

^ i 


85 

E^ isceration 

VG 

1 OG 

1 

12 

76 

1 

1 

24 

1 


VD 

07 

1S3 

10 

4 78 


19 


GW 

08 

1 

089 

13 

6 2C 


17 


RB 

095 

159 

8 

48 


21 


F W 

095 

065 

12 

445 


21 


M K 

11 

237 

9 

619 

Not 12th 

13 

Amigen-prepared 

WC 

18 

088 

9 

4 05 


18 

Amigen-prepared 

JB 

19 

078 

10 

17 i 


87 


AS 

27 

015 ; 

i 

9 

437 


17 



A^ erage Days 21 07 


ii'as able to support numtion on 35 grams of mtrogen m the form of 
amigen For J AlcN with 30 per cent of body surface burned, 25 6 
grams nitrogen was msufScient, 336 mamtamed numtion, whereas 42 2 
resulted m rapid gam M W with 50 per cent of body surface burned, 
lost ground on 27 44 grams mtrogen, was mamtamed on 36 grams, 
registered shght gam at 49 5, and rapid gam at 66 All these values are 
much larger than the amount of mtrogen available m even the hospital 
high protem diet 

Gnstrectoivy, Cholecystectomy and Hermotomy The next senes 
were gastrectomy cases There are thirteen cases on low protem intake 
m Table An, the mtake ranging from 05 to 27 grams of mtrogen per 
kilogram body weight The mtrogen losses/KBW ranged from 015 
grams [ 19 GM/KEAA' ] m the case of F iMc to 237 m the case of M K 
The body w eight loss ranged from 48 kilograms m the case of R B to 
6 59 kilograms in the case of F Me The strength as measured by the 


Fig 2 Ergogrnm of Patient D F (Table VI) Low protein intake postgas- 
trectomy Initial ergogram El was 2' The three subsequent ergograms 
were respectiveh G, 10 and 13 dajs after operation Note that on the thir- 
teenth dn\, ET had not returned to the initial reading 


Tabi* VII 

HIGH NITROGEN INTAKE POSTGASTRECTOMY 


j 

Name \ 

A Intake 
IVt (tin 

N Oam 

Wt X Day 
ym 

Dayi 

Under 

Study 

IVt , Gain 
kqm 

Return of 
Endurance 

Days 

m 

Bed 

1 

A V j 

25 

0G9 

7 

1 14 


22 

GH 

42 

049 

11 

22 


11 

VB 

TOl- 

1G9 

12 

4 71 


14 

PR 

44 

077 

8 

451 


8 

GS 

44 ! 

— 

8 

GO 


8 

AV 

48 

14 

11 

4 64 

Before 8tli ' 

9 

FR 

482 

217 

11 

3 95 


17 

AH 

5 

i 

1 


40 

1 

10 

CN 

G 

212 

12 

53 

Before 8th 

10 

RB 

G 

241 

10 

4 32 

Before 8tli 

: 10 

EB 1 

61 

301 

11 

5 85 


10 

PF 1 

1 

C92 

2 

12 

4221 


14 
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Fig 3 Ergogram of Patients CN (Table \ II) High protein intake, gastrec- 
tomj case Panel I is the initial ergogram Subsequent ergograms, 4, C and 
12 daj'S after operation Note that h\ the sixth da\, the ET had topped the 
initial reading 


ergograph had not returned by the twelfth day in any of the patients 
tested Figure 2 shows one such an ergogram The average number of 
days which the patient stayed in bed was 2 1 07 iM K and W C were 
both fed Muth amigen until they felt strong and gamed M^eight at least a 
week before they were sent to the operatmg room Their ability to get 
up in thureen days indicates the importance of the pre-operative period 
of up-buildmg and the usefulness of hydrolysates in the up-building 
of malnourished patients 

Table \TI summanzes twelve similar cases on high nitrogen intake 
following gastrectomy, the nitrogen and calonc intake agam consisnng 
of amigen and dextri-maltose fed for the first four to slx days through 
the jejunal lumen of a double-lumened tube, the other lumen lying in the 
stomach for the purpose of keeping the viscus deflated After with- 
dra^^ al of the tube the feeding^ as mven orallv It w ill be seen that the 
le\ el of mtake m as 25 grams of nitrogen or over All the patients 
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were in positive nitrogen balance, gaining from 069 grams of nitrogen 
per KBW in the case of A V to 3 in the case of E B The weight gam 
ranged from i 14 to 6 kilograms The endurance returned by the eighth 
day, and Figure 3 shows the ergogram of CN The number of bed 
days averaged 128, an average which was not quite fair since any 
attempt at a reduction of bed days m patients of this type runs counter 
to surgical tradition and is usually resisted, eventually resulting in a pro- 
longation of bed rest The final number of eight to nine days is therefore 
the more faithful time of bed rest 

Puttmg these two tables together, one finds that under an intake of 
19 GM/KBW the patients were always in negative nitrogen balance 
and lost weight and that the E T dechned significantly in all the cases 
tested One patient, AV, with an mtake of 25 grams nitrogen per 
KBW* was m positive balance, whereas another patient, A S , was m 
negative balance on 27 grams mtrogen per KBW, denoong that there is 
an mtermediate zone m which some cases will register a negative balance 
while others, a positive balance All patients havmg an mtake of 42 
grams per KBW and over were m positive mtrogen balance and all 
gamed weight, and all those tested showed an early return of endurance 
as shown by the early decrease of ET Both of these tables were re- 
arranged from tables which appeared m two previous reports 

The third senes of cases were cholecystectomy cases which are rep- 
resented m Table VIII under both low and high mtakes In this senes, 
when the mtake was below 224 grams per KBW, there was a negative 
balance, whereas above 339 grams per KB^^ there was always posiuve 
mtrogen balance The weight and ergogram show the same trend as m 
the gastrectomy cases This series is still too small, as there is too large a 
gap between the umt mtakes of 224 and 339 grams per KBW 

The last senes are seventeen cases of hemioplasty, twelve unilateral 
and five bilateral This study was undertaken not because the nitrogen 
loss after hermotomy is an apparently important factor m convalescence 
but to test the theory that normal persons subjected to operative trauma 
undergo a mtrogen loss which cannot be replaced Most of these patients 
were m good nutntion, so that except for their structural defects, they 
may be considered normal persons who had suffered operative trauma 
Table IX summarizes the mtrogen balance studies Part A embodies 
the nvelve cases of umlateral hermoplasty and Part B, the five of bi- 

* In the balance of this paper “KBW mil denote Kilogram Body Weight 
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Tadix \ III 

NITROGEN INIAKE POST-CHOLECYSrEClOMTi 


Name 

N Intake 
Wt , gm 

N Oatn or 
Lott 

Wt xDay 

Dayt 

Under 

SUidi/ 

Wt,Oain 
or Lots 
{kgm ) 

Return 

ET 

((fag) 

Bed 

Bays 

AC 

089 

— 104 

12 

—39 


35 

A J 

058 

— 12 

10 

—28 

not on 14th j 

18 

MR 

224 

— 020 

14 

—136 


19 

RV 

339 

168 

10 

2 74 


10 

PF 

348 

143 

10 

2 77 


12 

ES 

382 

082 

12 

1 2 


12 

LM 

402 

3285 

10 


6th 

8 

AS 

43 

049 

10 


8th 

10 

FS 

456 

204 

12 



12 


Tadle IX 

UNILATERAL HERNIOPLASTI Group A 



N Intake 

N Balance 

Number 

IFt Change 


Name 

<jm per kgm 

per day 

of Dai/t 

{kgm ) 

ET 

AS(1) 

059 

— 111 

9 

—1 02 


(2) 

087 

— 086 

9 

—1 59 


AB 

104 

— 06 


—1 37 

273-243 

OV 

131 

— 07 

1 

10 

—IS 

377-260 

VP 

147 

— oil 

10 

— 45 


JB 

182 

Oil 

10 

— 87 

500-510 

HG 

J268 

002 

10 

5 

872-390 

PN 

35 

046 

10 

0 


W J 

368 

045 


? 


MS 

38 

11 


2 01 


JF 

45 

181 


202 


DF(1) 

446 

127 


222 


(2) 

454 

147 

8 



JJD 

58 

033 

10 

159 


BILAIERAL HERNIOPLAST-i Group B 

AT 

18 

— 152 

10 

—29 


SJ 

156 

— 072 

10 

—2 27 


BA 

835 

066 

8 

9 


CL 

373 

003 

10 

8 


JF 

895 

004 

10 

81 
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lateral A S and D F in Part A both had bilateral hernias, one of which 
was operated upon several days after the other It will be seen that at the 
second operation the loss of nitrogen in grams per KBW did not differ 
radically from the first operation a week or so earher It will also be 
seen that on an mtake of 182 grams per KJBW, there was a negative 
nitrogen balance The ergograph tune (E T ) m this group with the 
negative nitrogen balance was significantly depressed m one, O V , and 
very slightly but not significantly in two, that above 258 grams per 
KBW there was a consistent positive mtrogen balance with gain in 
weight 

A companson of the mtrogen loss or gam per KBW in simultaneous, 
bilateral hermoplasty with that in unilateral hermoplasty is mterestmg 
Thus, if we match A T m Group B, mtake 1 3 grams per KBW, with 
O V m Group A, mtake 1 3 1 grams per KBW, we see that A T lost 
152 grams mtrogen per KBW, as compared with the loss of only 07 
grams m O V , and the weight loss of the former was 2 9 kilograms as 
compared with i 5 m the latter S J in Group B, with an mtake of 156 
grams per KBW, if matched with V P m Group A, who had an mtake 
of 147 grams per KBW, lost 072 grams mtrogen per KBW, while V P 
lost only 01 1 grams The weight loss of S J was 2 27 Kgm as compared 
with the loss of only 45 Kgm m V P Agam, if C L , with umt mtake of 
373 grams of mtrogen is matched with W J with unit mtake of 363 
It IS seen that CL gamed only 003 grams of mtrogen per KBW, 
whereas W J gamed 045 Lastly, if J F , Group B, with mtake of 395 
grams per KBW is matched with MS on 38 grams per KBW, it will be 
seen that the former gamed only 004 grams per KBW, whereas the 
latter gamed 1 1 grams 

These figures suggest that the loss of mtrogen m hermoplasty may 
not all be atmbutable to the mtrogen loss due to bedrest and that the 
extent of operative trauma plays a role It also shows that the post- 
operative loss of nitrogen, even m previously normal persons, is cor- 
rectable, at least m some t}q5es of cases Both Ehnan^^ Peters have 
also found that cases of hermoplasty can be readily put mto positive 
nitrogen equihbnum 

Parenthetically, the hope may be expressed that herniotomy cases m 
good nutntion, because of the fairly well standardized surgical trauma 
mflicted, may be used to compare the biological value of different hy- 
drolysates on the human body Thus, if a hydrolysate X cannot support 
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N eq^uilibnum at a level of intake of about 182 grams nitrogen per kilo- 
gram body weight, it would be inferior to armgen, while one which can 
do this at a lower level might be considered of superior biological value 
A correlated view of the studies of these four surgical categones, 
namely, bums, gastrectomy, cholecystectomy and hermotomy, suggests 
that there may well be a cntical level of mtrogen mtake peculiar to each 
category to mamtain the patients m mtrogen equihbnum Only a further 
study will confirm or refute this possibihty 

Peptic Ulcers The fifth senes of cases is of peptic ulcers treated 
with protem hydrolysates and lugh caloric diet The senes of tv^enty- 
mne cases may be classified as follows 

16 duodenal ulcer 

6 duodenal and gastric ulcer 

6 gastric ulcer 

2 gastro-jejunal ulcer 

29 

18 “intractable” 

6 with retention (20-100%) 

6 u itli frank hemorrhage 

All were treated with from 5 to 6 grams mtrogen per KBW, m the 
form of amigen, and enough dextn-maltose to make up to 40 C per 
KBW This IS approximately 5 grams each of amigen and dextn-maltose 
per KBW The mixture is suspended m water, divided mto eight to 
mne feedmgs, and given at two-hourly intervals Feedings were con- 
tinued two or three weeks exclusively, dependmg upon the chmcal re- 
sponse and x-ray findmgs No antacids or antispasmodics were given, 
and wherever necessary, amphojel in 4 cc doses was given twice a day 
to control diarrhea A full complement was added to the feeding The 
results may be summarized as follows 

Pain and distress stopped m twenty-four to forty-eight hours 
Vomiting stopped forty-eight hours after mstimuon of the feedmgs, 
rapid roentgenologic heahng, positive mtrogen balance, averagmg 10 
to 16 grams (first ten days), gam m weight, i to 8 Kilos m two to three 
weeks, and rapid gam m strength and morale However, the treatment 
does not prevent recurrence on resumption of old dietary habits 
Figures 4 and 5 show the progression of heahng m two gastric ulcer 
cases One mterestmg feature in connection with these ulcer cases is the 
great improvement m endurance as may be seen m the ergogram of 
patient E B m Figure 6 




Fig ■tB Patient C.B Almost complete healing m 10 dajs 




Fig 6C Patient R B Four weeks after treatment. Note nipple-like defect 



Fig 6D Patient RB Six neeks after treatment Note stalk-Iike defect 
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Fig 6 Ergogram of ulcer patient CB Panel (a) inibal ergogram, ET I'Z", Panel 
(b) E T 2 ' 48 ’’, 6 days after treatment. Panel (c) E T 3 ' 42 ", 2 w eeJa after treatment 
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TaBI£ X 

EFFECT OF FEEDING MIXTURE ON pH AND FREE ACIDS IN THE 
GASTRIC JUICE OP A PEPTIC ULCER PATIENT 

Time 


pS 

FA 

TA 

10 00 


2 06 

47 0 

65 B 

10 10 


192 

69 0 

78 6 

Feeding 

10 10 




10 45 


4 21 

— 

206 5 

11 00 


4 24 

— 

269 6 

11 16 


4 16 

— 

246 6 

11 30 


4 07 

— 

306 0 

11 45 


4122 

— 

298 0 

12 00 


418 

— 

286 6 

12 16 


8 68 

30 

212 6 

12 80 


8 01 

34 6 

1916 

Amigen 

511 g 




Dextn-maltose 68 6 g 




Formula 


6122 

— 

466 0 


Another feature of this treatment is that where obstructions were 
found m the six-hour x-ray plates, they were reheved m twenty-four 
hours by amigen feedmg The significance of this pomt will be com- 
mented on later 

The question arises What is there m protem hydrolysate feedmg 
which may account for these prompt results^ Amigen is an amphoteric 
substance and the addition of it to a hyperacidic gastnc jmce raises the 
pH to almost the pomt of abohtion of peptic activity Table X shows 
that the pH of a gastric jmce, ongmally between i 92 and 2 05, 
M^as raised by the feedmg of a mixture of 51 i grams of amigen and 
56 8 grams of dextn-maltose to 4 24 The free acid ongmally was re- 
duced to zero for about an hour and fifteen mmutes After that, the pH 
began to declme and the free acid to nse It is perhaps this action of 
neutralization of the acid m connection with the givmg of a rich 
nutnent solution to enable the body to build up its tissue deficiency 
which accounts for the prompt healmg in these cases Thus it seems that 
by the pecuhar virtue of its bemg both an antacid and a nch nutriment. 
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Table XI 

PATIENT WITH GASTRO-JEJUNOCOLIC FISTULA FED WITH PROTEIN 

HYDROLYSATES 


A S 
Date 
194£ 
Feb S9 
to 

March 1 


Nxtrogen Output 




1 

ZV Intake 

Unne N 
gms 

Fecal N 
gms 

Total N 
Output 
gms 

NBal 

gms 

PJ^ 
gms % 
A/G 

Wt 

Kgms 

Remarks 

March 1 

11 

10 28 

8 86 

13 64 

—2 64 

626 

47 9 

Lost 16 lb 

1-2 

8 

9 42 

4 41 

13 83 

—6 83 



8 weeks x-ray 

2-8 

94 

8 74 

4 86 

18 69 

—419 

6 16 

47 8 

G-J-C- fistula 

8-4 

14 68 

10 61 

1 04 

11 65 

2 98 



“Stronger” 

4-C 

14 68 

1 

11 38 

1 03 

12 69 

189 


47 8 


6-6 

846 

724 

1 68 

882 

—0 36 




6-7 

88 

7 94 

1 14 

9 08 

—0 28 


47 8 

‘Weaker” 

7-8 

18 9 

16 85 

1 06 

17 91 

91 

6 26 



8-9 

18 9 

13 27 

121 

1448 

4 42 




9-10 

18 9 

14 08 

147 

15 66 

8 26 




10-H 

18 9 

16 18 

187 

16 66 

2 86 




11-12 

18 9 

1 

16 06 

146 

16 61 

2 39 




12-18 

18 9 

14 87 

1^6 

16 18 

2 77 ' 




18-14 

18 9 

1648 

148 

17 96 

0 94 

6 1 

49 1 

x-ray 

healed 

“strong” 


arrugen and perhaps other hydrolysates are specially suitable for the 
treatment of peptic tdcer 

Value of Hydrolysates The studies m the cases of bums, gastrec- 
tomy, cholecystectomy and hermotomy show how valuable hydroly- 
sates are m conditions m which natural food cannot be mgested or m- 
gested only m quantities insufficient to replace mcreased mtrogen loss 
due to disease Whereas the mtrogen mtake m the natural diet is 
generally limited to the 20 8 grams ( 34% grams/KBW for a 60-Kgm 
man) m the high pro tern diet, the mtake possible with protem hydroly- 
cates may be many times that amount By the mtra venous route, 3 hters 
of a 5 per cent anugen may be safely given This is eqmvalent to 3 
grams/KBW By mouth, it has been found that most patients can tole- 
rate as much as 8 grams of mtrogen per Klgm without havmg diarrhea 
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If both routes are simultaneously utilized, a total of i i grams of nitro- 
gen per KBW may be given, over 500 per cent of the mtake possible 
with natural food It is quite possible that further research in this field 
will make available a product wluch can be given m greater concentra- 
tion and which will be of maximum human biological value, thus further 
raising the ceihng of replenishment 

However, hydrolysates have another field of usefulness The cases 
of pyloric obstruction following peptic ulcer which were reheved 
twenty-four hours after amigen feedmg, suggest that hydrolysates are 
better tolerated by a diseased gastro-mtestmai tract than natural food 
Additional evidence for this may be seen in Table XI which summarizes 
the mtrogen balance study of AS, a 48-year old man who was ad- 
mitted with a gastro-jejuno-cohc fistula, having lost 15 pounds in three 
weeks During the first three days on the natural diet, the patient 
was losmg m the stool from 3 36 to 4 85 grams of mtrogen per day or 
almost half of his mtake This was accompamed by negative mtrogen 
balance, weakness and loss of weight He was then put on amigen by 
mouth, taking an amount correspondmg to 1458 grams of mtrogen 
daily This was followed by a reduction of fecal loss of mtrogen to over 
I gram and a sense of returmng strength and weU-bemg The mtake was 
agam reduced to 8 46 for two days, at which time he was again m nega- 
tive balance and feelmg weaker After that, on an mtake of 1 8 9 grams 
of mtrogen, he was on positive nitrogen balance which continued for 
about a week, at which time the x-rays showed the fistula to be appar- 
ently healed 

We may also mention three cases of ulcerative colitis treated with 
amigen, m whom the nutntion was mamtamed although the pathologi- 
cal condition was not improved 

A case of pernicious vomiting of pregnancy may also be reported 
A tube was passed mto the stomach through one nostril and amigen 
feedmg was mstituted, at which time the vomitmg stopped This feeding 
was contmued for three days until the nasal imtation caused by the 
tube became so marked that the tube had to be withdrawn The tube 
was replaced m another twenty-four hours through the other nostril 
and a feedmg period of three days was instituted Thus a “lean” penod 
of one day alternated with a “fat” penod of three days until after four 
weeks the patient was able to tolerate food The patient went to term 
uneventfully This better tolerance on the part of a pathologic gastro- 


The Value of Protem 


653. 


intestinal tract for hydrolysates may be expected, since it is spared the 
task of havmg to take food apart and smce the minimum of digestive 
effort is called for before absorption takes place 

One IS led to speculate how worthwhile it would be to try feeding 
this substance m other conditions m which the gastro-mtestmal tract 
cannot tolerate natural food, such as sprue, typhoid fever, etc 

In the use of hydrolysates one has to make sure that m the mtra- 
venous form they are not toxic, not anaphylactogemc, non-pyro- 
gemc, and non-imtating to the site of mjection In the oral form, efforts 
are stdl being made by manufacturers to produce a good-tastmg prepa- 
ration and one which can be given m large amounts without causmg 
diarrhea or vomiting For both oral and mtravenous preparations we 
must msist that they mamtam positive mtrogen balance m the human 
being Fmally, the clmician who uses them must thmk quantitatively not 
only m terms of mtrogen but m terms of adequate calonc mtake Other- 
wise, the results will not be satisfactory 

Assay of Protem Nutrrttonal Status In conclusion, some general 
comments on the assay of the nutritional course of a convalescent 
patient may be pertment At present there are four hkely methods of 
doing this 1) mtrogen balance, 2) plasma protem cun'^e, 3) body 
weight curve, and 4) the bedside ergograph 

Nitrogen balance determinations requne a tedious and rather com- 
plicated chemical procedure not available to the average hospital It 
depends for its vahdity on a bookkeepmg process which as evidence is at 
best only circumstantial and not directly concerned with the effects on 
the body occasioned by the nutntional state 

The other three methods are more closely connected with assay 
of the body status However, none of these methods is sensitive A large 
amount of plasma protem could be lost from the blood without its bemg 
reflected m the plasma protem level, and hydration and dehydration can 
cause marked swmgs m the values The body weight is also subject to 
the factors of hydration, to retention of unne and feces It is mcon- 
vement and not easily measured m the bed patient without adequate 
personnel 

As menuoned before, the ergograph has the theoreucal objections of 
motivation and the leammg factor However, it has seemed to us that 
the changes m endurance produced by mtrogen loss are so stnking that 
the ergograph findmgs transcend these two factors The ergograph de- 
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terminations are sensitive enough to be of chnical usefulness, and in 
conjunction with the other three methods, the ergograph is a valuable 
tool Senal readmgs of all three are more valuable than smgle deter- 
minations 


Summary 

1 Protems are essential to wound heahng, to the mamtenance of 
tissue mtegnty, and from present indications, to expeditious convales- 
cence Protem deficiency endangers all three 

2 A patient can become protem-deficient as a result of madequate 
mtake and mcreased mtrogen output or a combmaaon of these two 
factors 

3 Decreased mtake may be due to the patient or neglect on the 
parr of the attendmg staff 

4 Increased output may be due to mcreased metabohc loss and to 
the loss through exudates 

5 The ceihng of mtrogen mtake m natural food is naturally low 
and consequently natural food is often madequate to replenish the in- 
creased protem loss m disease and mjury 

6 Studies on cases of bums, of postoperative gastrectomy, chol- 
ecystectomy and hermotomy, suggest that convalescence can be short- 
ened, strength and weight conserved by full calonc and mtrogen 
replacement immediately postoperatively, and that there may be a 
critical range of mtrogen mtake for each disease category 

7 The protem hydrolysates, by raismg the ceihng level of mtrogen- 
mtake, are mdispensable m many disease conditions and can be used 
with greater elasticity than natural food 

8 In the course of smdy on the value of protem hydrolysates, a 
new treatment for peptic ulcers has been evolved 

9 Protem hydrolysates for chmcal use must fulfill a number of 
criteria and chmcians usmg them must be quanutauvely-minded 

lo A discussion on the assay of the nutntional course of convales- 
cent patients has been attempted 
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■"^T IS now well established that peniciUm is an extremely 
effective agent for the treatment of many different types 


of mfections, but a review of the chmcal reports makes 
It at once evident that there is little agreement concem- 
Shsh 5 E 5 HSHSHs ''3 mg the amount, or the mode or frequency of administra- 
tion required to effect a satisfactory therapeutic response Due to the 
scarcity of the drug there was at first a tendency to administer small 
amoimts, and as a result erroneous impressions arose concemmg the 
effecnveness of pemcilhn in diseases such as subacute bacterial endo- 
carditis More recently, doses found arbitrarily to give satisfactory re- 
sults have been recommended by vanous groups of mvesagators An 
example of the discrepancies resultmg from this procedure is the recom- 
mendation, m cases of staphylococcal sepsis treated with a contmuous 
intravenous infusion of pemcillm, of 30,000 to 40,000 umts daily by one 
group, ^ while in the opinion of others 300,000 to 400,000 umts should 
be administered each day ^ 

Now that pemcilhn is readily available, it is desirable to review the 
laboratory and clmical expenences which have helped to clarify many 
of the confusmg problems of dosage and mode of administration The 
purpose of the present report, therefore, is to bnng together the im- 
portant contributions which pro%nde a basis for rational therapy 

* From the laboratories of the Commission on Acute Respiratory Diseases and the Medical Service, 
Regional Hospital #2, Fort Bragg, N C 

Presented before the Stated Electing of The New York Academy of Medicine and the Section of 
Medicine, May 3, 1945 

t Member of the Commission on Acute Respiratory Diseases Board for the Investigation of Influenii 
' and Other Epidemic Diseases in the Army, Preventive Medicine Service, Office of The Surgeon 
General, U S Army, Washington, D C. 
i Member of staff of Medical Service. Regional Hospital #2, Fort Bragg, N C 
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Two outstanding characterisucs of penicillin are its high degree of 
anabactenal action and its selectivity In contrast to the sulfonamides 
whose action is pnmanly bactenostatic, peniciUin in concentrations ob- 
tained m patients causes stenlization of cultures of susceptible organisms 
withm 24 hours and is for this reason often referred to as a bactericidal 
agent Unhlce true bactencidal substances such as the phenols, which 
sterilize cultures withm a few mmutes, pemcillm even m high concen- 
trations does not cause death of microorganisms unless the contact is 
mamtained for many hours ® Of great pracacal importance, however, is 
the fact that both in vitro and m mvo pemciUin is much more effective 
in Its antibacterial action than the sulfonarmde drugs 

Selectivity refers to the high degree of anabactenal acavity obtained 
by pemciUin agamst gram-posinve bacteria, and its failure to mhibit the 
growth of the majority of gram-negative bactena 

Vanadons m susceptibility to pemcilhn occur not only among dif- 
ferent species of bacteria, but also among vanous strams of any one 
species With most pemcillm sensiave bactena, however, and parucu- 
larly ^vlth the pneumococcus,^ beta-hemolydc sdeptococcus,® and gono- 
coccus,® these vanaaons are not of chnical significance since they are 
not of sufficient magmtude to affect the results of therapy For this 
reason, routme sensiavity tests of the mfecang organisms are of no 
pracacal value to the chmcian m most diseases for which peniciUin is 
employed There are excepaons, however, for example m certam 
staphylococcal mfecaons, and m paaents with subacute bactenal endo- 
cardias m which the eaological orgamsms may be pemciUm resistant 
streptococci (enterococci), knowledge of the sensiavity of the organism 
may be of importance both from the standpoint of therapy and prog- 
nosis 

Correlaaon between the m intro sensiavity of various organisms and 
clmical results obtamed m paaents is much closer with penicillin than 
^vlth the sulfonamides This is probably due to the fact that substances 
such as pus and exudate which inhibit the sulfonamides, do not impair 
the acdon of pemcilhn '' Indeed, under certam condiaons, by promotmg 
the mulaphcaaon of bactena these substances actually seem to enhance 
the anabactenal acaon of pemcdlm ® 

In view of the frequency with which vanous organisms acquire 
resistance to the sulfonamides, the problem of pemcilhn resistance has 
received intensive study Laboratory invesagaaons mdicate that te- 
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sistance of the beta-hemolytic streptococcus,” gonococcus, “ pneumo- 
coccus,^” and most other susceptible organisms develops only after 
prolonged exposure to pemcillm Chmcal experience has confirmed these 
observanons, with the exception of the staphylococcus, well substanti- 
ated mstances of penicillin resistance acquired during therapy have not 
been described Further, in patients with streptococcal, pneumococcal, 
and even staphylococcal infections, in whom relapses occurred because 
of the location of the orgamsms in relatively avascular areas, penicillin 
therapy has been continued for many weeks without the development 
of any measurable degree of pemcillm resistance ^ Final conclusions 
cannot be drawn, but the evidence so far available suggests that, with 
the excepuon of infections caused by the staphylococcus, penicillin re- 
sistance will not become an important chmcal problem 

The behavior of the staphylococcus when exposed to penicillin dif- 
fers from that of other organisms In contrast to the beta-hcmolyuc 
streptococcus, for example, whose grouTh is completely inhibited by 
penicilhn in 24 to 36 hours, wable staphylococci can often be recovered 
from cultures for as long as 6 or 7 days (see Figure r ) Clinically, the 
same situation is obsen’^ed m patients with empyema In streptococcal 
and pneumococcal empyemas the admimstration of intrapleural peni- 
cillm for I or 2 days causes complete sterilization of the fluid, u^hile m 
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Fio 2 — Antibacterial effect of jienicillin in stnpln lococcnl enipjenin 


Staphylococcal infections of the pleural cavity treatment must often be 
continued for at least a week An illustrative case of staphylococcal 
empyema is presented in Figure 2 Twenty-four hours after the initial 
intrapleural injection of 40,000 units of penicillin the fluid contained 
100,000 orgamsms per cc , on the 4th day there were 100 organisms per 
cc , and sterilization was not effected until the 7th day 

Staphylococci which remam viable for several days in the presence 
of bacteriostatic concentrations of penicillin are often penicdlin-resistant, 
and contain an enzyme-like substance, “pcnicillmase”, which m small 
quantities destroys large amounts of pemcdlin The relationship of this 
substance to other “penicillinases” has not been elucidated, but it is 
probable that studies of various penicillin inactivators will reveal valuable 
information concermng the basic structure and mode of action of peni- 
cillin Pemcilhn resistance has been observed in approximately 10 per 
cent of strains of staphylococci isolated from chmcal sources® 
Whether resistance occurs as an acquired charactensac as a result of 
contact of the bactena with pemcillm, or whether the sensitive organ- 
isms are ehmmated leaving naturally resistant staphylococci is not defi- 
mtely known, but recent studies of two independent investigators’®' 
support the latter possibility The evidence further suggests that re- 
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sistance is much less likely to be manifested if the organisms are, from 
the start, kept m contact with high concentrations of penicilhn The 
appearance of pemcillm resistance in a case of staphylococcal osteo- 
myelms treated with madequate doses of penicillin is presented in 
Figure 3 The staphylococci isolated prior to the instituoon of therapy 
were killed by relatively low concentrations of pemcillm, whereas strains 
isolated after two weeks of treatment with penicillin in a dose of 5,000 
units every 4 hours were markedly resistant More favorable results 
have been obtamed in other cases receiving large doses of penicillin 
Here, of course, as m staphylococcal infections in general, the necessity 
of prolonged therapy as well as adequate doses should be emphasized 

Absorption and Excretion of Penicillin and Its Diffusion into 

Various Body Fluids 

Before considering the relationship of the concentration of penicilhn 
in the blood to antibacterial acnon, it is well to review bnefly studies 
on the absorption, excretion and diffusion of penicillin Penicillin is most 
frequently admmistered intramuscularly, although other routes may be 
used When injected into the muscle, absorpuon is rapid, producing 
maximal concentrations in the blood within 15 to 20 minutes Beginning 
pemcillm therapy with an initial intravenous injection is therefore com- 
pletely unnecessar)’’, although it is a common procedure, presumably as 
a holdover from sulfonamide medication, m which an initial intravenous 
injection is often advisable 

Once absorbed, pemcillm is eliminated from the body very rapidly. 
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It was originally thought that approximately 40 per cent of the dose 
injected was destroyed in the body,* but recent evidence indicates 
that destruction by the tissues is actually slight, and that almost all of a 
single dose administered intramuscularly or intravenously is excreted in 
the urine Eighty per cent appears in the urine within rwo hours, and 
after the fourth hour the amount remaining in the body is less than 5 
per cent of the onginal dose By various methods of studying renal clear- 
ance It has been definitely demonstrated that the reason for the rapid 
elimination of penicillin from the body is that it is excreted both by the 
glomeruli and the renal tubules 

These two factors, rapid absorption and rapid excretion, are respon- 
sible for one of the greatest disadvantages of present day penicillin 
therapy, namely, the necessity for frequent, parenteral injections In- 
tensive efforts are being made to perfect methods of delaying the 
absorption of penicillin, by mrxing it with beeswax and peanut oil,-" by 
the use of vasoconstrictors,-^ and by the applicaaon of cold compresses 
near the site of injection -■* Attempts are also being made to delay excre- 
tion by combining pemcillm with substances of high molecular weight, 
and by" the concomitant administraaon of other agents, such as para- 
aminohippuric acid, ii^hich compete with pemcilbn for excretion by the 
renal tubules The most promising of these methods at present is the 
intramuscular injection of penicillin-beeswax mixtures, blood levels are 
maintained for as long as 24 to 28 hours following the admimstration of 
300,000 units of pemcillm m i cc of 5 per cent beeswax and peanut oil 

Methods of admmistenng pemcillm by mouth are also being studied 
The best evidence at present indicates that none of the entenc coatings, 
oils, or antacids, so far employed give results better than those obtained 
with the ingestion of pemcillm dissolved m tap water With this method, 
five or six times as much penicillin must be admimstered to produce 
levels equivalent to those following parenteral injections The mcreased 
commercial production of penicillin, plus the fact that oral preparations 
do not need to be as highly purified as those used parenterally, may 
e\ entually make oral administration feasible even if methods of avoidmg 
the destructive acaon of the gastric juices or mcreasmg absorption from 
the intestine are not evolved 

Knowledge concerning the distribution of penicillin in the body is 
essennal for good therapeutics In general, diffusion of pemcillm into 
\ anous body fluids and ca\ ities occurs irregularly, and to a small extent 
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For this reason local therapy as well as parenteral injections have been 
used in the treatment of infections of pleural, pericardial and joint cavi- 
ties Frequently when the infection is well localized, as in empyemas, 
systemic administration of penicillin is not required, favorable results 
bemg obtained by local injections alone 

AVith the usual therapeutic doses penicillin does not appear in meas- 
urable quantities in the spinal fluid of normal individuals, and as a result 
intrathecal administration is commonly used in patients with infections 
of the meninges Alore recently it has been shown that with very large 
doses of penicillin small amounts can sometimes be detected in the spinal 
fluid of normal subjects®" and m patients with memngitis Others, how- 
ever, have found that in patients with memngins, pemcilhn appears in 
the spmal fluid very irregularly and in low concentrations Although 
a few patients with meningitis have been cured by parenteral admmistra- 
don alone,®® chnical experience has shown that others have failed to 
respond to such therapy®® and that in some cases bacterial meningitis 
has actually appeared during the course of parenteral treatment of e\tra- 
memngeal infecdons®^ 

The subject is controversial, but the best evidence mdicates that, for 
adequate and conservauve therapy of staphylococcal, streptococcal and 
pneumococcal memngids, both parenteral and mtrathecal routes should 
be used Smce some strains of menmgococci are reladvely resistant to 
pemcilhn®® and the results obtamed with the sulfonamides are so favor- 
able, the latter drugs should be used m the treatment of menmgococcal 
memngins The one excepuon to the use of both mtrathecal and paren- 
teral injecnons of pemcilhn is syphiliuc menmgios, m which results with 
mtramuscular injecdons alone appear to be excellent 

There are certan condiuons, notably subacute bactenal endocarditis, 
various forms of late syphihs, and chronic osteomyehos, m which an- 
other important factor must be considered, namely, penetrauon Ear y 
results of pemciUm therapy m subacute bactenal endocardins, using only 
5000 umts every four hours, were so disappomnng that for a nme pem- 
cillm was abandoned for the treatment of this disease More recently, 
large amounts have been admimstered for nvo to eight weeks, and a 
fairly large number of cases have now been reported in which the intec- 
Gon has been eradicated These favorable results are presumably due to 
the fact that ivith the mamtenance of high, continuous blood levels o 
pemcilhn, there is penetration mto the vegetaaons and destruction ot 
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organisms so that a clinical relapse is prevented Similarly, although sur- 
gical removal of avascular areas is usually necessary in cases of chronic 
osteomyelitis, instances do occur m which high contmuous levels of 
penicillin produce sufficient penetration to bnng about climcal cures ’’’ 

The failure of penicillin to appear in the saliva of normal subjects^® 
or m the sputum of patients with pneumonia®' may be of importance 
in infections of the respiratory tract A study undertaken by the Com- 
mission on Acute Respuatory Diseases to determme the effect of peni- 
cillin on the normal throat flora showed that the parenteral injection of 
20,000 units every 3 hours resulted in no distmct change in the ease of 
isolation of beta-hemolytic streptococci, pneumococci or staphylococci 
from the throat Whether this failure to eradicate organisms from the 
throats of normal earners was due to ( i ) a failure of penicillin to cross 
the normal mucous membranes, (2) lack of secretion of the drug in the 
sain a or (3) that the susceptible organisms were present m a resting 
state and tvere therefore not suscepnble to penicillin, cannot be deter- 
mined 

In contrast penicillin is highly effective against orgamsms in the 
throat of patients with tonsillitis and pharjmgins The beneficial effects, 
hov c\ er, are exerted only n hen penicillin is administered parenterally 
This IS well illustrated in Figure 4, in a patient treated initially wnth 
pemcilhn gargles m whom there was no impro\ ement cither clinically or 
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bacteriologically The failure to obtain a favorable response by local 
applications in this instance was undoubtedly due to the fact that the 
contact between the organism and pemcilhn was very brief, and em- 
phasizes the point that relatively prolonged contact is necessary When 
pemcilhn was administered by mtramuscular injection, however, the 
streptococci rapidly disappeared, only to reappear when treatment was 
discontinued after three days It has been definitely demonstrated that 
in order to bring about a permanent cure m cases of streptococcal sore 
throat. It IS necessary to contmue treatment for a period of at least five 
days 

In pneumococcal pneumonia, studies by the Commission on Acute 
Respiratory Diseases have shown that viable, virulent pneumococci can 
be recovered from the sputum dunng and following therapy with peni- 
cillm for as long as sputum can be obtamed®^ A representative case, 
showmg the method of study, is presented m Figure 5 Thus, although 
pemcilhn may destroy some of the organisms present in the parenchyma 
of the lung, a reactivation of the infection may be caused by pneumo- 
cocci remaming viable in the bronchial exudate if treatment is discon- 
tinued too soon Clinical relapses occurring in patients treated with 
penicillin for only two or three days have been described by Tillett, 
Cambier, and AdcCormack 

With both streptococcal pharyngitis and pneumococcal pneumonia, 
then, it IS necessary to conunue treatment for several days to insure 
sterilizaaon of the infected tissues and prevent relapses It would appear 
that penicillin merely inhibits growth of the bactena, thereby localizing 
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the infection, actual recovery is brought about by the body’s own de- 
fense mechanisms The development of natural immunity is probably of 
importance also in conditions other than pneumonia and pharyngitis, 
but so far these relationships have not been worked out in detail 

Relation of Blood Concentration to Antibacterial Acrn'm^ 

Ideally, the objective of therapy with penicillin, as with other chemo- 
therapeuac agents, should be to mamtain, at the site of the infection, 
concentrations of penicillin which exert maximal antibacterial acuvity 
throughout the entire period of treatment From a practical standpoint 
this IS not feasible at the present time, and is even considered disadvan- 
tageous by some obsen’^ers,^® on the basis that since penicillin is effective 
against bacteria only dunng the stage of multiplicanon, intermittent 
therapy will allow penods of multiplication alternating with penods of 
bacteriostasis, and will therefore be more effective This objecuon to 
continuous therapy, based on m vitro obsen^aDons, does not take into 
consideration conditions existing locally in the nssucs, and from a prac- 
tical standpoint the results obtained clinically with continuous effective 
concentrations of pemcillin in the blood stream are excellent Indications 
arc that in the future pemcillm will be admmistered by methods which 
Mill provide constant measurable blood levels 

In vitro tests of whole blood obtained from normal individuals rc- 
ccning pcnicilhn have shorni^® maximal antibacterial acmity against 
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hemolyac streptococci and staphylococci by concentrations as low as 
o 04 and o 2 units per cubic centimeter respectively (Figure 6) Lower 
concentrations exhibit defimte, but not maximal activity, higher con- 
centrations do not produce any appreciable mcrease in antibactenal 
action These values, o 04 and o 2 umts per cubic centimeter, which 
apply respectively to a highly sensitive and relatively resistant organism, 
are of fundamental importance in relation to the concentrations obtained 
in the blood stream of patients 

Since chemical methods are not available, penicilhn assay methods 
in use at the present time are based on the ability of pemcillin to mhibit 
the growth of sensiove microorganisms One of the defects of these 
methods is their inability to detect small concentrations of penicillin in 
body flmds The smallest concentrations which can be measured accu- 
rately, o 02 to o 04 units per cubic centimeter, are highly effective 
against most penicdlm sensinve bacteria, and it is important, therefore, 
to have some knowledge of how long pemcillin exerts therapeutic action 
in the body after it can no longer be detected in the blood stream 

Bactericidal tests of whole blood obtained from patients during and 
following therapy have revealed valuable information on this subject ■*“ 
In patients receiving intramuscular injections of 20,000 units, the bac- 
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tcricidal power of the blood was found to be increased for a period of 
from 30 to 75 minutes after pemciUin was no longer detectable in the 
scrum by rouane assay methods This is illustrated in Figure 7 From this 
evidence, it would seem highly unlikely that, following the usual injec- 
tion of 15,000 to 20,000 units, one could count on any therapeutic 
activity for more than one hour after detectable levels were no longer 
present Since with these doses pemcillin is present m measurable 
amounts in the blood stream for from rwo to tliree hours, it can reason- 
ably be assumed that, for all practical purposes, therapeutic activity will 
cease between the thurd and fourth hour These obsen^ations arc sup- 
ported by the evidence alluded to previously, mdicating that by the end 
of the fourth hour all but about 5 per cent of the dose administered 
IS c\crcted in the unne 

A point of interest in this connection is the effect of an increase in 
the size of the dose upon the duration of thcrapcuuc activity m the 
blood stream This is illustrated in Figure 8, in five pauents who re- 
cened single intramuscular mjecoons of 50,000 units, and at a later 
date additional injections of 100,000 units Doubling the size of the dose 
produced blood concentranons twice as high as those obsened with 
50,000 umts, but the duration of assayable blood lc\cls was prolonged 
by only about one third This relaave inefficiency of larger doses, also 
pointed out by Flemmg,'*^ has the additional disad\ antage of producing 
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levels in the blood stream which are considerably in excess of those 
necessary to evert maximal bacteriostasis 

The broad relationships of the concentration of pemcillm in the 
blood stream to the sensitivity of various susceptible organisms, as well 
as to other factors, are summarized diagrammatically in Figure 9 The 
extremes of vanation in susceptibility are represented by the staphylo- 
coccus and the hemolytic streptococcus In addiuon to the staphylo- 
coccus, many strains of Streptococcus vindans and non-hemolytic 
streptococci should be included in the resistant group Because of the 
serious nature of infections such as syphilis, diphtheria, and gas gangrene, 
the organism causing these diseases should also be regarded as highly 
resistant from a therapeutic standpoint until more information is avail- 
able concermng theur susceptibility both tn vitro and m vivo Organisms 
other than the hemolytic streptococcus which may be considered highly 
sensitive are the gonococcus and pneumococcus Strams of intermediate 
sensitivity are represented by the meningococcus The relative suscepti- 
bility of vanous other orgamsms, including fungi, spirochetes, and 
nckettsiae are not definitely known 

Other factors of importance m determining the size of the dose of 
penicillin are the severity of the mfecaon, the vasculanty of the area 
involved, and the barriers through which penicillin must diffuse or pene- 
trate m order to come mto contact with the infecting orgamsms 
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h ir 10 — Arrow ■; indicnte bme tlmt subsequent injections of peni- 
cillin are required to nuuntnin the indicated degree of nntibac- 
tcrinl action 


The zone of ma\imal anabactenal action includes concentrations of 
penicillin M'hich ivill cause complete inhibition of growth of the bac- 
teria, and which should ideally be maintained throughout the entire 
period of treatment However, definite bactenostasis is exerted by con- 
centrations considerably lower than those regarded as maximal As in- 
dicated on the chart (Figure 9), this zone of effective antibacterial action 
includes, for highly susceptible organisms, concentrations of penicillin 
lower than those which are measurable by present methods of assay 
The relationship of these zones of antibacterial activity to blood 
levels obtamed with mtramuscular mjections of penicillin in saline is 
presented in Figure 10 An injection of 20,000 units produces le\els in 
the blood stream considered maximal against the staphylococcus for a 
period of less than one hour, and levels which are definitely bacterio- 
static, although not maximal, for another nvo hours For the hemolytic 
streptococcus, on the other hand, the same dose of penicillin produces 
concentrations having maximal anastreptococcal action for a period of 
more than tv o and one-half hours, with partially mhibitoiAf le\ els for 
mother one and onc-half to two hours 

From these figures it is possible to plan rational schemes of therapy 
for larious infections taking into consideration in addition the factors 
presented in Figure 9 For staphylococcal infections for example, in- 
jections of 25 000 units e\ cty two hours v ill produce optimal connnu- 
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ous levels in the blood stream, for streptococcal infections, 15,000 units 
every three hours are adequate It is not within the scope of this paper 
to make specific recommendations of dosages for various tjqies of infec- 
tions, the examples cited are presented merely to illustrate the manner 
m which the dosage schedules are evolved 

The blood concentrations listed m Figures 9 and 10 may also be 
attained by continuous subcutaneous, intramuscular, or intravenous in- 
fusions of penicillin Although somewhat tedious, these methods of ad- 
mimstration are often desirable for the imtial treatment of patients 
seriously ill from overwhelming infections Blood levels v hich can be 
more or less constantly maintained with a continuous intravenous infu- 
sion for twenty-four hours are as follo\vs with 100,000 units, o i unit 
per cubic centimeter, with 200,000 units, o 2 unit per cubic centimeter, 
and with 400,000 units, o 4 unit per cubic centimeter W ith a connnu- 
ous intramuscular infusion, the levels are almost identical \nth those 
obtained by the intravenous route Subcutaneous administration, how- 
ever, produces concentrations only about one half as great as those 
observed with the other nvo methods-^ Daily dosages adequate for 
vanous types of mfections may be ascertained by reference to Figure 9 

Two points require special emphasis One is that doses producing 
optimal concentrations of penicillin in the blood stream are all that are 
necessar}^ Giving larger doses merely raises the concentration of peni- 
cilhn, without increasing the already maximal antibactenal acavity This 
pomt IS reiterated with the hope that it will temper the present tendency 
towards overdosage which, while not harmful to the patient, is wasteful 
and unnecessary 

The other pomt is that, for all pracucal purposes, penicillin remains 
acave m the tissues for only three or four hours following the usual 
therapeuuc doses Penicillin is often administered only four umes a day, 
leavmg a period of twelve hours during ivhich no injections are given 
Results obtamed with this regimen are so favorable in diseases such as 
pneumococcal pneumonia-® that there is considerable speculaaon about 
the possibihty of annbactenal activity remaining in the tissues for many 
hours after pemcillin has apparently left the blood stream From the data 
presented in this paper it would appear that this assumpaon, the implica- 
tions of Mhich are potenually dangerous, is enurely erroneous 

In conclusion, it must be stated that the exact blood concentrations 
presented in Figures 9 and 10 cannot be regarded as final from a thera- 
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peuac standpoint since they are based largely on laborator\' obscn ations 
Certain factors existing m the nssues, such as the acn\ ity of the leuko- 
cxtes. and the vanous growth phases of bactcna, are poorly understood, 
and mav eventually alter some of our present concepts Extc-nsivc 
studies, both chnical and laboratory*, will be necessary before a final 
answ'er can be reached For the present howe\er, the data v hich are 
presetted are based on sound fundamental obsenatioas and prottde a 
bases for the clmical administration of pcniallin which is essentially 
cotservanve and rational 
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SHOCK THERAPY OF PSYCHOSES 

evidences for and against damage* 

Nolan D C Le\ms 

Director, New ork State Psjcluatnc Institute 



-^'AST literature has accumulated on this subject, \\ Inch has 
been studied in all civih/ed countries of the world This 
literature has been review ed several times by able WTiters, 
but It still piles up well in ad\ ance of any possibility of 
^ dealing wuth it adequately Ho\vcvcr, I shall attempt to 
present the subject as fairly as possible from several different viewpoints, 
selecting supportive evidence from a number of available sources 

There are a great many foci of special interest from the viewpoints 
of the various scientific and clinical disciplines To mention a few exam- 
ples, the internist, physiologist and pathologist are interested in studying 
the bodily organs including the brain (the particular realm of the neuro- 
pathologist) during and following the therapeutic procedure, the neu- 
rologist and neurophysiologist find their special problems in the behavior 
of the nenmus system under this type of bombardment, the biochemist 
sees many opportunities to investigate Nvhat is taking place in the 
metabolic processes, the physicist is interested in matters of techniques 
particularly those involved in electro-physics, and the psychiatrist and 
psychologist, Avithin Avhosc owm territory the w'holc business is going on, 
and who must assume the task of evaluating all results in terms of the 
mental behavior I nearly omitted the surgeon w^ho has to step in occa- 
sionally to patch up the bony structures Nvhen the framework yields to 
the strain 


Although a lot of Nvork has been done, the various reports are diffi- 
cult of evaluation as there is no uniformity in the diagnosis of mental 
conditions which in themselves are often not clearly differentiated 
syndromes, the course and outcome of any patient’s case arc unpredict- 
able with or without special treatment, and usually controls that are 
scientifically satisfactory have not been utilized 
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A number of different “shock” therapies have been tried out but 
the msulm, metrazol and electroshock methods and various modifications 
of these have dominated the picture They are the only ones we can 
undertake to review here, and we shall start with a condensed account 
of the present concensus on the msulm method 

The mdicanons usually mentioned are the catatomc, paranoid, hebe- 
phremc and simple forms of schizophrenia (these are given m the order 
of favorable prognosis) Some workers prefer the msulm method to the 
convulsive ones for other acute and chrome forms of mental disorder 
The shorter the duration of the illness the more favorable the prognosis, 
and those paoents who have made a fairly satisfactory life adjustment 
up to the age of twenty-five or above, and whose disorder is an acute 
episode, have the best remission rates Patients under the age of sixteen 
>^ears show a low remission rate 

In the numerous reports available emphasis has been placed on a 
number of physical contramdicanons mcludmg coronary disease, severe 
myocarditis, valvular disorder, cardiac arrhythrma due to organic rea- 
sons, tuberculosis, orgamc impairment of the liver, kidneys or pancreas, 
and serious endoenne dysfunctions 

A wide variety of complicaaons ansmg dunng the treatment itself 
have been desenbed Of these may be mentioned particularly auncular 
fibrillation and gaUop rhythm of the heart, myocardial failure, coronary 
occlusion, aspiration pneumonia, laryngospasm, pulmonary edema, cen- 
tral respiratory failure, asthma, uracana, aphasia, hemiparesis, and frac- 
ture and dislocations of bony structures 

Insulm therapy, according to practically all reports, mcreases very 
definitely the percentage of remissions and although many relapses 
occur, even m these, the paaents have a penod of better mental health 
which may allow them to reside outside a hospital Moreover, it shortens 
the illness in many of those who might eventually recover spontane- 
ously The mortality due to the therapy itself, as reported, is less than 
I per cent 

A number of mteresting studies have been made of which we have 
space to mention a few One of these was made by Bond and Rivers^ 
who treated 251 schizophrenics with msulm This mvesagaaon revealed 
that 138 or 54 per cent were recovered or greatly improved at the end 
of the treatment, forty-nine of these cases were followed for five years 
Of these 22 or 41 per cent had maintained their status These cases were 
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compared with loo control cases, the latter showing only a i6 per cent 
recovery rate at the end of a five-year penod Bond gained the impres- 
sion that the quality of the remissions was much superior to that attained 
in the pauents not so treated There are definite critena that could be 
set up to determine this point wnth certainty It is possible that with the 
rather rapid relief from emotional tension experienced by the patient 
under shock therapy, his compensatory forces are freed more quickly 
and can work more rapidly towards a reconstruction of the defenses 
and adjustments than is possible by means of the slower “spontaneous” 
recovery process 

Gold,“ by means of injections of mecholyl chloride, a choline de- 
nvative which stimulates the parasympathetic part of the autonomic 
nervous system rather specifically and by means of which one can un- 
balance the whole system, was able to study the autonomic balance of 
schizophrenics before and after insulin shock therapy jMecholyl chloride 
produces a temporar)’^ lowcnng of the systolic and diastolic pressures, 
an increase m pulse rate, flushing of skin, and an increase in salivation, 
lacnmaaon and perspiration In clinically improved patients there was a 
definitely mcreased abihty on the part of the autonomic nervous system 
to mamtain its balance, and also a more rapid compensatory reaction 
towards restoration of balance when it was disturbed The activity of 
the sympathetic system was improved in particular 

Accordmg to Rennie^ the “administration of insulin in subcoma doses 
provides an effective method of sedation Its specific action seems to be 
in alleviation of anxiety With the relief of anxiety, the psychotic mam- 
festations sometimes rapidly disappear The method is entirely safe and 
is far supenor to that achieved by chemical sedation ” It should be com- 
bined with organized psychotherapy 

In inexperienced hands insulin therapy is a risky procedure Owing 
to the reports of vanous types of hemorrhage during treatment Freed 
and Wofford'* suppose that there is some damage to the walls of the 
capdlanes of the nature of an anoxemia which produces an increased 
permeabihty Such lung complications as bronchopneumoma, lung ab- 
scess and pulmonary edema have been reported by a number of writers 
Pulmonary edema in the setting of cardiac failure and msufficiency is 
a symptom that renders the therapist particularly uneasy (O’NeilP) 
Allergic symptoms may appear (Hinko et aP) in the form of decrease m 
tolerance, local reactions, and as an immediate anaphylactic reaction 
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indicating appropriate treatment instanter 

From the standpoint of the internist, prolonged coma is the most 
serious of all comphcations If the patient does not awaken within thirty 
mmutes after the glucose feedmg, the physician should start to do some- 
thing about It Instances of prolonged coma have persisted for hours, 
days or weeks There may be a high temperature, rapid pulse and res- 
piration, and voimtmg and death Lester'^ studied twenty-five cases of 
prolonged coma and reported the mortahty rate to be 16 per cent After 
considering all reported statistics he thought that a prolonged coma 
occurs once m every 1,877 treatments 

Different subjects vary a great deal m their susceptibihty and re- 
sponse to similar doses of msulm, and also the effects of low blood 
sugar levels vary widely in different people These aspects have been 
discussed by a number of authors One particularly interestmg case was 
reported by Rivers and EUiott * This patient “received up to 1200 umts 
of insuhn mtramuscularly and up to 2500 umts intravenously without 
gomg mto deep stupor Insulm produced the same total fall in blood 
sugar” as in those who go mto stupor 

The brain is unlike other organs of the body m that it can use only ' 
carbohydrate The bram metabolism is therefore depressed m hypo- 
glycemia In the convulsive therapies the respiratory movements are 
interfered with and the bram, as well as other organs of the body, is 
temporarily depnved of oxygen 

Patients receivmg msuhn shock therapy reveal a progression of 
symptoms m a caudal direction These symptoms seem to present them- 
selves m five groups, each one representmg a different phyleuc region 
of the bram, namely cortical, subcortico-diencephahc, mesencephalic, 
upper medullary and lower medullary Accordmg to the researches of 
Chesler and Himwich® the order of progression m the depleuon of 
glycogen from the various parts of the dog’s bram under the mfluence of 
intense hypoglycerma is similar irf order of structures, with one excep- 
tion, m the dog the caudate nucleus is depleted before the cerebral 
cortex In these ammals the decrease m glycogen concentration “oc- 
curred m a defimte order which with the exception of the cerebral 
cortex had a rostral to a caudal progression The concentranons m the 
caudate nucleus and m the corpora quadngemma decreased first, fol- 
lowed by those m the cortex, the thalamus, the cerebellum and the 
medulla The values for the cord were never sigmficantiy below the 
normal ” 
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The indications for the apphcaoon of convulsive therapy (metrazol 
or electro-shock) are involutional states, manic depressive psj^^choses, 
and other depressive reactions Contnilsive therapy has also been used 
rather freely and successfully in acute catatonic episodes 

The cbntraindicaDons are said to be advanced arteriosclerosis and 
hypertension, auricular fibnllaaon, cardiac dilatation, recent coronary 
occlusion, hyperplastic or degeneraove skeletal disorders, tuberculosis, 
seropositive syphilis, and pregnancy The most frequently seen comph- 
caaons engendered durmg the treatment are subconjunctival hemor- 
rhages, aspiration pneumonia, pulmonar}'^ abscesses, auricular fibrillation, 
cardiac dilatation, vasomotor collapse, embohc fractures and dislocations 
of the bony framework, status epilepocus and memory disturbances 
Kolb and VogeP° estimated a death rate of 005 per cent m 7207 
cases treated with electric shock, while Impastato and Almansfi^ placed 
It at o 8 per cent m 1 1,000 cases 

As far as the mortality rate with the shock therapies is concerned, it 
IS probably considerably higher than has been reported staustically 
Deaths due directly or mdirectly to these methods must occur here and 
there all over the country in places where they are not collected into 
reports and published m the medical journals 

Death is usually due to some other organ than the bram— and in 
some instances the autopsy fails to reveal the cause of death Sometimes 
the cause of death is a hyperpyreoc state associated with status epilep- 
ticus 

In companng the two types of convulsive methods it may be said 
that metrazol is a respuatory stimulant while electro-shock is a respua- 
tory depressant The memory loss, with electro-shock is greater and 
more prolonged than with metrazol but electro-shock is easier to ad- 
minister, less time-consuming, arjd the convulsions are less severe There- 
fore, with metrazol the danger of fractures is greater The memory and 
fear of the treatment with metrazol is disturbmg to most patients The 
“missed” convulsions usually create a great deal of anviety With the 
electro-shock method there are no “missed” convulsions, usually no 
memory of the treatment, and much less anxiety 

Although the prognosis after metrazol is quite favorable for manic 
depressive psychoses and rather high for mvolutional depressions, the 
majonty of workers consider the prognosis of all these conditions to be 
somewhat better following electro-shock Schizophremcs with psycho- 

y 



678 


THE BULLETIN 


neurouc elaborations have an unfavorable prognosis with all methods 
of shock therapy 

In the applicaaon of the electro-shock treatment the effect does not 
depend upon the strength of the electric current but upon a successful 
convulsion As far as the number of electncally mduced convulsions 
IS concerned, to produce favorable results, it is recommended that from 
8 to 20 treatments usually suffice for depressions except m the paranoid 
mvolutional types which may have to be given some additional ones 
Mamcs are given up to 20 treatments with some workers advocating as 
high as 2 to 3 convulsions per day mstead of the usual twice or thrice 
weekly fits, and schizophrenics often need from 20 to 50 treatments to 
bring the desired results 

Smith and co-workers^' in a follow-up study after 2 years expenence 
with electnc shock therapy which included 279 patients were impressed 
with Its value m mvolutional melanchoha and mamc depressive psy- 
chosis Accordmg to this report “mamc patients do not hold their 
recovery as well as those who have an agitated depression There is no 
evidence to mdicate that electro-shock treatments may prevent future 
psychotic attacks nor that they imght interfere with spontaneous re- 
covery ” They were not favorably impressed with the results m schizo- 
phrenia and thought this type of therapy of doubtful value in 
psychoneurotic conditions Intocostnn (Squibb) was used to decrease 
the incidence of traumatic skeletal mjuries 

Combmed convulsive therapy and psychotherapy has been advocated 
by some authors mcludmg Monarty and WeiP^ but the majonty of 
expenenced psychiatrists have not been impressed with the results in 
the neuroses as far as the shock therapy part of the contnbunon is con- 
cerned To me the distincnon benveen a psychosis and a psychoneurosis 
is not a theoretic matter of controversy nor merely an acadenuc exercise 
The patterns of the tvm groups of disorders are different, although it 
may often requme a deep and prolonged study of a given case to reveal 
the differentiaang points as quantitative factors as well as qualitauve 
ones are to be considered 

Favorable results with the electnc shock method have been reported 
extensively and rather consistently, but there are sail quesaons in the 
rmnds of some regardmg physical comphcaaons Most of the accidents 
reported are considered to be rmnor m nature Some of them can be 
prevented by the use of curare^^ or by the proper position of the body 
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Unless there is a universal tendency to emphasize the favorable results 
and to mmimize the untoward ones, patients are rarely made worse 
psychiatncally although Kahnowsky and Worthmg^® say that “deeply 
regressed but quiet patients may become chromcally disturbed ” 

The recovery course is not always smooth Certain reactions have 
been pomted out by Osgood^“ as examples Not infrequently “when 
the memory clears the depressed mood tends to return, particularly 
where there are unpleasant situations to be faced, or sometimes the pen- 
dulum swings too far and the depressed panent becomes hypomanic, or 
perhaps the memory does not clear up quickly and the panent fears that 
the treatment has done him permanent harm ” 

Some patients do not regain their complete memory after many 
months Is it possible that some never attain their original memory- 
power status? 

Osgood^® m his review of 357 patients treated by electric shock 
noted pamc reacnons and perseveraove speech in the treatment room 
and also later reactions such as increased restlessness and agitanon, dazed 
retardanon, and states of excitement with uncooperanveness 

It IS possible that the “inner life of the person, which may be con- 
sidered to be the core of the personality, is resistant to the impact 
involved in shock treatment The improvements that do take place ap- 
pear to be limited, so far as is indicated by the results of the Rorschach 
test, concerned with outer activities, those at the penphery of the per- 
sonality Shock therapy is not as effective in reaching the inner person- 
ahty as either spontaneous remission or deep searching mtensive 
psychotherapy Schilder made the point that the patient himself is 
not really reached by shock treatment,”” a pomt which my own ex- 
penence supports without the slightest doubt The matrix of the psy- 
chosis IS not changed, but only the secondary, presennng features After 
the most distressing symptoms are removed or modified favorably, the 
compensatory resources of the patient may aid him in reconstruction 
“Chmcal changes are associated with greater docility as a result of 
bluntmg of the emotional and mtellectual life ” 

Electroencephalographic changes occur durmg the course of treat- 
ment (electric shock) and correlate with amnesia or other evidence of 
impaired mental function Where there is no evidence of impaired 
mental function and no electroencephalographic alteration, clinical im- 
provement does not occur 
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If there is little change in the personahty except in the intellectual 
sphere and if the gam which consists of mcreased mtellectual control is 
at the expense of the total mtellectual function or capacity, then perhaps 
shock treatment effects chmcal improvement by impairmg the mind of 
the patient Is chmcal improvement correlated with more or less per- 
manent damage rather than bemg the result of temporary cerebral 
anoxia and stimulation of the autonoimc mechamsms^ 

Permanent or temporary alterations m the electroencephalogram fol- 
lowmg metrazol shock therapy have been reported by Davis and 
Sulzbach,^® Finley and Lesko,^“ Polatm and co-workers, Levy and 
associates,-^ and by Knott and co-workers These authors concur gen- 
erally that a large number of convulsions will produce electrocoracal 
potentials of high amphtude and low frequency Knott and his associ- 
ates^® m studymg electroencephalographically twenty depressed patients 
given metrazol shock therapy observed “(i) no significant group 
variation m alpha mdex foUowmg metrazol shock therapy although theie 
were strikmg mdividual changes, (2) there was significant variation m 
slow activity after such therapy, (3) this variation was made manifest 
as an mcrease in activity of less than 6 per second frequency m the 
motor and frontal areas, (4) there was evidence that the amount of slow 
activity foUowmg therapy was conditioned by the amount of such 
activity precedmg therapy, (5) there was mdividual susceptibihty to 
change m slow wave activity ” 

These same workers studied also the changes m the electroencephalo- 
gram foUowmg msulm shock treatment and found an mcrease m the 
alpha mdex m 8 of the 10 schizophremc patients studied This was more 
promment m the frontal areas There were no notable uniform durations 
m slow activity. 

In an experiment by Stambrook^^ a group of 28 rats learned a maze 
under the usual hunger motivation Then some of them were given one 
electro-shock daily for thirty days When aU the animals were tested in 
the maze twenty days after the shock routine had been terminated, both 
the releammg time and the releammg error scores were defimtely greater 
than the correspondmg scores of the control animals It is perhaps 
significant that the re-leammg error scores of the experimental ammals 
u^ere about the same as they were m the miaal leammg experience This 
author pomted out the possibihty that the errors m re-learmng might 
be due to some emotional condmonmg induced by shock expenence, 
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and that this should be considered before concluding that there had 
occured an “enduring disorganization of the purely discriminative cog- 
mave structural-trace of a recent maze habit ” It is possible, if not 
probable, that this phenomenon m the rat corresponds to the memory 
difficulnes noted m patients dunng and foUowmg the therapy 

Although subconvulsive shock therapy has been advocated by some 
workers it was found to be practically valueless by Gottesfeld and his 
associates^® In their series of twenty-four cases of affective psychosis 
none were improved and many of them showed fear and apprehension 
as a result of their expenences under the subconvulsive technique No 
case of schizophrenia showed any improvement However, Plattner and 
Lohnis^® reported good results m a number of depressions particularly 
m those of the senile and arteriosclerotic group where the weaker cur- 
rents were tolerated better by these aged and fragile persons 

The problem of circulatory failure has been presented by a number 
of writers Jetter^^ concluded that there were at least two mechamsms 
to consider by which fatal curculatory failure could occur, i e , an acute 
cardiac dilatation brought about by the muscular exertion of the con- 
vulsion, or by means of the electrical stimulation of hyper excitable 
central cardiac or vasomotor centers He reported the deaths of three 
patients from circulatory failure Of these mo had advanced arterio- 
sclerotic cardiac disease and the other an acute myocardial condition 
These are mentioned here to emphasize that there are hazards of this 
character m this field that one should take fully mto consideration durmg 
the selection of patients 

A number of histopathological researches have been earned out on 
bram tissue Lidbeck^® concluded from his studies on the dog that thera- 
peutic electnc shock is not contramdicated m the therapy of psychoses 
No correlation was found between the amount of current used and the 
bram changes which were minimal 

Horses and dogs are killed with relatively small charges of electncity 
as contrasted with rabbits and rats which are rather resistant [Jaife^®], 
and human bemgs vary a great deal m thew sensitivity to electnc 
currents 

The earher experiments on animals were with lethal or sublethal or 
maximum charges and therefore the resultmg bram changes should have 
been expected Even then they have not been too starthng although 
they were the result of “acute experiments” Gross petechial hemor- 
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rhages of the meninges, capillaty m)ection, microscopic hemorrhages, 
with swellmg and demyelinization of the a\is cylinders, gliosis, degen- 
eration of nerve cells, vacuolization of oligodendroglia and white matter 
have all been descnbed m expenmental animals 

In a very painstaking neuropathological research on cats to determine 
the significance of the intracerebral vascular reaction Alexander and 
Lowenbach'’^ discovered a number of interesting things which we can- 
not spare the time to discuss here, but among their conclusions one finds 
the following pertinent statement “With single shock doses within the 
range of amperage used in electro-shock treatment in man, no patho- 
logical changes of the neural parenchyma could be produced which 
were recognizable with present-day histological methods at times vary- 
ing from 4 minutes to seven days after the shock It is concluded that 
early organic physiological and physico-chemical changes of the neural 
parenchyma must nevertheless exist, but that they are of an order not 
yet demonstrable morphologically The nature of these early physio- 
logical and physico-chemical changes awaits future mvestigation The 
question of late changes is likewise uninvesngated and open to future 
study ” 

Practically the same conclusions were reached by Wmkelman and 
Moore®- who also utilized cats in the experiments Their careful histo- 
logic studies of the brains and cords failed to show any morphologic 
changes in the animals receiving convulsive doses analogous to those 
given to humans Excessive doses do have some tendency to produce 
congestion and small hemorrhages Wmkelman and Moore suggest that 
m many experiments reported (i) the mtensity of the current which 
produces lesions m expenmental animals may be excessive as compared 
with that used m human therapy, and (2) the animals may have meta- 
bolic, nutntional, disturbances or lack of certain vitamins such as B, C, 


or K dunng the course of the experiments 

Heilbrunn®® concluded from his rat experiments that the electnc 
current as such was not responsible for the hemorrhages m the nenmus 
system which resembled those descnbed previously by Alpere and 
Hughes®^ and by Heilbrunn and WeiP® smce such demonstrable lesions 
occurred in the animals in which ether had been used to prevent t e 
convulsion This invesogator was inclined, therefore, to attnbute the 
occurrence of hemorrhages to changes in dynamic pr^re ^ociated 
noth the muscular contracaons and their attendant blood vessel changes 
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Preparatory treatments with atropme, calcium, vitamm K, and a sus- 
pension of bram substance were ineffective as protection against the 
pressure reactions 

Hemorrhages were found m the pia arachnoid and also m the bram 
substance Those in the memnges were most frequent over the base of 
the bram where congestion of the vessels was also prominent Hemor- 
rhages mto the bram substance were noted through the cortex of the 
hemispheres, m the hypothalarmc area, m the cerebellum, and particu- 
larly m the medulla and pons With few exceptions they were petechial 
m type, and as they were found to be m different stages of progressive 
organization this mdicated that some of them had occurred at the be- 
gmnmg durmg the early treatments The group of animals havmg the 
true convulsive seizures, rather than mild attacks revealed the most 
extensive and numerous hemorrhages 

It has been demonstrated that the cellular constituents of the blood 
are mcreased after convulsive treatment and chemical studies have 
shown that ammo acids, cholesterol, vitamm C, reducing substances, 
oxygen, total phosphorus (organic phosphorus, acid soluble phosphorus, 
morgamc phosphorus), chlorids, sodium, potassium, calcium and mag- 
nesium as well as the ictenc index were altered m amounts after treat- 
ment Increases were more frequent than decreases excepting the ammo 
acids which were decreased more than twice as frequently as mcreased 
(Katzenelbogen) Carbon dioxide was decreased after nearly all treat- 
ments, Katzenelbogen'’” suggests that this would seem to mdicate hyper- 
oxemia rather than anoxemia which has been stressed by several writers 

Smce many of these constituents return to normal or become sub- 
normal after a few hours the changes may be due to dehydration Flmds 
leave the blood stream while the less diffusible substances remain There 
IS an mcreased mobility and acidity of the stomach 

Conclusions 

Taking everythmg mto consideration and after analyzmg the mass 
of hterature that has accumulated on the shock therapies, one is con- 
vinced that they have a definite place m the practice of psychiatry when 
they are apphed by the properly qualified physician possessmg the chm- 
cal sense, experience and judgment necessar)^ to manage a psychiatnc 
problem Owing to unexpected complications which may develop at any 
time patients should always be treated m a hospital setting or at home 
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With the proper medical and nursmg facilities They should not be 
treated m the offices of physicians nor m outpatient clinics to be turned 
loose on the street followmg the therapy The greatest advantage of the 
insuhn method seems to be m its effect on schizophrenia, while the 
convulsive therapy methods are found to be the applications of choice 
in the affective conditions in whatever setting they have developed 

At the Psychiatnc Institute monkeys subjected to electric convul- 
sions similar to those given to humans therapeutically were studied for 
bram lesions The few changes noted were found in the brains of the 
control animals Therefore whatever them source might have been it was 
not the result of shock therapy 

Most of the vertebral farctures noted are of very little clinical im- 
portance, but are chiefly of roentgenographic significance— frequently 
rather mdistmct m nature 

The evidence all the way through this mulnphasic problem indicates 
clearly that the reported therapeutic results are influenced by the sub- 
jective bias or attitude of the mvesagator, by the adequacy of the shock 
therapy itself, and by the possible effect of such adjuvant measures as 
psychotherapy, physiotherapy, etc Moreover, the degrees of “remis- 
sion” remam to be defined m a way acceptable and utilizable by the 
workers Until these factors are recognized and adjusted universally the 
total situation ivill remain difficult to evaluate 
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